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MILITARY CUERICULUM INTERIMS 

The military-developed curriculum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies* The purpose of 
disseminating thsie courses was to make curriculum materials 
developed by the military more accessible to voc tional 
educators in the civilian setting* 

The course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination* Materials which were specific to the military 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was obtained* These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development* 



Military 

Curriculum Materials 
Dissemination Is . . . 



What Materials 
Are Available? 
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How Cari These 
Materials Be Obtained? 



an activity to increase the accessibility of 
militarydeveloped curriculum materials to 
-vocational and ternnical educators. 

This project, funded by the U.S, Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
forn& from the Coast Guard, Air Force, 
Army, Marine Corps and Navy, 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U,S. Office of 
Education 3nd the Department of Defense. 

Jhe acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
Acquire the materials afid conduct the project 
activities. f 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials^agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you tc an instructional materials agency 
closer to you. 
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The National Center 
Mission Statement 

s * * J 



The National Certer for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions* 
and organizations to solve educational prob* 
iems relating to individual career planning, 
preparation, and progression, The National 
Center fuifitts its mission by: 

• Generating knowledge through research 

• Oevelrping educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

Tfie National Center for Research irr Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
Telephone; 614/486 3655 or Toil Free 800/ 

848 4815 within the continental U.S, 

{except Ohio) 
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MODULE ONE 
ELECTRICAL CURRENT 



In this module you will be Introduced to some fundamental concepts 
of electricity* You wilt team what electrical current Is and does 
how to build a simple circuit, and how to measure current tn that 
circuit* 

For you to more easily learn the above, this module has been di- . 
vlded Into the following five lessons: # 

t 

Lesson I* Electricity and the Electron 

Lesson 9 1* Electron Movement 

Lesson HI* Current Flow 

Lesson IV* Measurement of Current 

Lesson V* The Ammeter > * 

Do not be concerned at this time with names or terms unfamiliar to 
fyou. Each will become clear as you proceed* However, If you have 
any questions,- do not hesitate to call your instructor* Turn to 
the following p^ge ^ndl/egln Lesson I* 



Overview 



^ One- I 



OVERVIEW 



LESSON I 



Electricity and the Electron 



In addition to the Module Overview, as you start each lesson, you 
will f tnd $ lesson overview like this one. It Is merely an outline cf 
whait ybu will study and team to do In each lesson. In this lesson you 
will stucfy and learn about the following: f 

* > -what electricity does 

-what electricity ts_ 
-movement inside a solid wire 
-a word on theory 

-the electron and two other particles 
-the atom 

-v/Ire and other materials / 

-composition of mattei/ 

-sfrace between atomic particles 



Each of the above topics wMl be discussed in «e order listed, 
you oroceed through this lesson, observe and follow directions 
carefully* 



As 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES t)N V 
THE NEXT PAGE. 



ERIC 



10 



Study Resources 1 . One*i 



LISt OF STUDY RESOURCES 
LESSON 1 
Electricity and the Electron 



To learn the material In this lesson, you have |fcjjfc option of choosing, 

according to your experience and preferences, any or alt of the follow! 

♦ 

STUDY BOOKLET : ' , 

Lesfon Narrative > , * 

Programmed Instruction 

Lesson, Summary * . 1 

* * * * 
JEftR I CHHEHT 'MATERIAL: . / 

Bceke, K, y Cosmic View* The Universe In *H3 Jumps , 
New Yorkt^ The John Day ^Company, A9ST: 

NADERS 33A00A-la "Basic Electricity, Direct Current," 

Fundamentals of Electronics , Bureau of Naval Personnel, 
Washington, D,C; IT,S, Government Printing Office, 1965, 



Remember, you hay study all or any of these that you feel are iiecessary 
to answer all Progress Check questions correctly. Do not forget that 
In one sense of the word your Instructor is a living resource; perhaps 
the besj, .Call him If you hav£ any kind of a problem,-^ 

t & 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE , YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME, 



♦ n 



^■rratlve 
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NARRATIVE 
LESSON t 

\ 

Electricity and the Electron 



What Electricity Does 

Mos know what electricity does, H makes telephones, 

radio. Revisions* toasters* and washing machines work , to name 
a few, tthout electricity* cars* trains* and ships wTTi not 
move. Electricity makes the lamp on your power supply and the 
light In your classroom glow. We know what electricity does* but 
what Is electricity Itself? Let's see If we can find the answer, 
\ 

Finding Out What Electricity Is 

To first find out what electricity Is* think of ft as coming 
through wires. Whether It be your television set* or your toaster* ■ 
or the light In your classroom or on your power supply* the elec- 
tricity Is carried through wires. Without wires carrying energy* 
none of these would work. Remember when you plugged your power 
supply Into the outlet In the wall? Mot only are there wires on 
your power supply* but there are wires Inside the wall leading 
to the outlet. There are also wire* Inside the wall that lead 
to the on-off switch that turns on the light In your classroojn, ^ 
Therefore* to learn what electricity Is* let's first consider 
the wires that carry this electricity. 



At this Ume* disconnect any wire from your power supply* 
Look at the end of It, Does It seem solid or hollow? 



The answer Is; M The wire seems solid." 



Movement inside a Solid Wire 

It Is perhaps much easier to see wh? electricity Is by visualizing 
ft Inside a wire. Although this wire Is not hollow like a water 
hose through which water flows* scientists tell us there Is 
movement within this solid wire. The question Is* "How can this 
be?" You can't *ee anything r Ing; you can't feel an/thtng 
moving. When we say somethlr \ ?s moving* we mean something Is 
flowing like a current of we ^, * For the moment* then* let's 
assume the truth of wha ; the scientists say* that there (s move* 
ment or flow within aw/,, 

5 
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A Wbrd on Theory 

We refer to this movement or flow tflthtn a wire as a theory be* 
cause It cannot be directly observed by seeing* hearing* smelling* 
or feeling* The movement cannot be verified by your senses* Yet 
this scientific theory explains how electricity works* and Is 
verifiable by Indirect measurement and observation* 



The Electron 

In their theory of explaining what electricity Is ?nd how It works* 
the scientists use the concept of the electron * In their theorlzln 
scientists see this electron as a particle that can move* It Is a 
submlcroscoplc particle* that Is* It Is too small to see even with 
the most powerful microscope made* 



Also within that wire are billions and billions of two other par 
tides* These other two particles are usually found with the 
electron. Scientists have named these other two particles the 
neutron and proton * The electron* neutron* and proton can be 
visualized as looking somewhat like this; 



The ^neutron and proton are represented by the and £ circles; 
the electron Is the one tabled e* Scientists believe that alt 
electrons are exactly alike* alt protons are alike* and all 
neutrons are alike* 



For a moment* think of the major parts of our solar system: the 
sun ana the planets* Whiie there are several parts* together 
they make up the full solar system* In the same way* three , 
basic particles called electrons * neutrons > and protons ape 
grouped together and jointly constitute the atom * We refer* 
then* to the atom as having all three cj^ these component particles, 

Wire and Other Materials 

Wire Is only one kind of material that has atoms made*' up of 
electrons* protons* and neutrons. YoorypenQll Is made*up of 
atoms; so Is your paper and' the wood In your desk* Glass has* 



r 



The Electron and Two Other Particles 




The Atom 
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atoms, air has atoms, clothes have atoms, water has atoms? bricks 
have atoms; the fenders on your car, your steering wheel, all are 
made up of atoms* hi other kords, all matter has atoms. As 
stated, all electrons are alike, alTprotons are alike, and all 
neutrons are alike. However, you can't use a piece of glass to 
carry electricity as you can a piece of wire. The difference in 
materials lies In the number and arrangement of these subatomic 
particles within the individual atoms. 



Composition of Hatter 

tn an atom, the neutron and proton are about the same size and 
weight. They are thought of as being together and forming 
the nucleus, or center of the atom, as shown: 



The electron, on the other hand, ts much lighter {about 1/18^5 
the weight of a proton) and orbits about the nucleus at a 
relatively large distance. 




One Type of Nucleus 



One Type of A :om 




Unless an electron Is forced away from its nucleus, tt will 
continue to be part of the atom. 



Label these particles of an atom. 




. ' U 



ridrratlve 
Correct 



answers are: 



One-t 



proton 




electron 



nucleus 



neutron 



In an atom* the distance separating electrons from the nucleus 
Is about 100*000 times the diameter of the nucleus. The atom Is 
mostly empty space. 

Thus far* w£ have shown you a diagram of a simple atom In order 
for~you to (understand the relationship between the electron* 
neutroi\* arid protort* 

However* each kind pf material * wood* glass* Iron* wire r may 
have several different kinds of atoms* In fact* there may be 
many electrons and many neutrons and protons that make up any one 
type of atom* Remember* however* that the electron Is at a 
relatively large distance from the nucleus* 

Materials are made up of a variety x>f about 100 different 
elements or kinds of atoms* These many different kinds of atoms 
In various combinations with each other make up all matter except 
the atomic particles themselves* The number of particles In the 
nucleus varies from one kind of material to another* For example* 
one specific kind of atom has two neutrons and two protons In 
the nucleus* It Is Illustrated like this: 



In a wire made of copper*_the kind you find on your power supply 
and In the walls* the copper atom has a nucleus that contains* 
63 particles* and 29 of these are protons* 



AT THIS POINT* YOU MAY TAKE THE PROGRESS CHECK* OR YOU MAY STUOY 
ANY OF THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY* GO TO THE NEXT 
LESSON* IT NOT* STUDY ANY METH00 OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY * 
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PROGRAMMED JNSTRUCTION 
LESSON t 

° Electricity and the Electroh 

YOU HAY ALREADY KNOW THE INSTRUCTIONAL MATERIAL IN FRAMES 1 to 7- 
TO FIND OUT, GO TO FRAME 8, WHICH IS A TEST .FRAME # AND SEE IF YOU 
CAN ANSWER ALL THE QUESTIONS THERE* FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME,* 

: £ : 

1* Electrical energy Is transferred from one point to another through 
conductors such as the wires on your power supply* 

Look at the wires on your power supply* They appear to be: 

_a* hollow* 
b* solid* 



(b) solid 



2, Electricity ts supplied to the lamp on your power supply by 
the movement of many billions of ttny particles wtthtn the 
wires* 



These special particles ,can move: 

a, through solid wire* 

b, only through hollow wire* 



(a) through solid wFre* 



3* There are many billions of these minute particles moving wtthtn a 
small section of.wire* Because of their size* the movement cannot 
be seen even with a microscope** 



Electricity can only be fully explained by: 

, a, a theory* 

b* direct observation* 



[a) a theory 
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P.I. One- I 

4. The theory that is used to explain electricity ts based on the 
fact th^t all matter is made up of atoms, and the atom in turn is 
composed of particles grouped together as shown below: 



How many basic kinds of particles are foun<J tn the wire of your 

power supply? c tf 

i a* six c* three 

b* four d* two 



(c) three 

5. The term "electricity" can be associated with the atomic particle 
that Is the most mobile or electrically active* 



The particles that move within the wire and cause the lamp 
to Hght are: * 

a* protons* 

i b* electros* 
c* „ neutrons* 



ectrons 



6* You can Infer that the theory generally used to explain electricity 
is called the: 

a* proton theory* 

b* neutron theory* 

c* electron theory* 

U) electron theory 



7. The electron theory explains electricity as the movement of/ 
subatomic particles called ** 



\electronsJ~ 
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One-1 

8. Check the correct statements* 

a* Electricity is explained by something you can see* 

b* Electricity Is explained by a theory* 

c* A 1/2-inch section of wire that Is 1 Inch in diameter 

would contain fewer than 100 particles* 

d- A I/2-tnch section of wire that is 1 inch In diameter 

would contain many bM lions of particles* 

e, Particles can move within a solid wire* 

f. Particles can move only through a hollow wire* 

3* Electricity Is explained by the movement of protons. 

h* Electricity is explained by the movement of electrons* 

i* Electricity Is explained by the movement of neutrons* 

. (THIS tS A TEST FRAME. COMPARE YOUR ANSWERS WIETHE CORRECT 
ANSWERS GIVEN AT~THE TOP OF THE NEXT PAGE.), 
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ANSWERS - TEST FRAME 8 

b. Efectrtctty is explained by a theory. 

d, A 1/2-tnch section pf wire that (s 1 Inch (n diameter 
would contain many billions of particles. 

e. Particles can move within a solid wire. 

h. Etectriclty (s explained by the movement of electrons. 

\ ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON 
TO TEST FRAME 12, OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN* 



9- The particle that moves through a wire to make up electricity 
Is the outermost particle. 

Wrlfe the name of this particle on the correct blank below. 



U) electron 



10* Protons and neutrons combine to form the nucleus of the atom* The 
nucleus will always contain one or more protons; neutrons may 
or may not be present depending on the type of material,. 

'Check the lettered arrow that Indicates the nucleus. 





(b) nucleus 



12 
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11. In a solid material* the nucleus* for aH practical purposes* 
remains stationary while the electrons are the active parttclei* 

Check the particles which are not very mobile. 

a. neutrons 

b. electrons ( 

c. protons 



(aj neutrons; and (c) protons 
12. Label the three particles. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME -12 
a* electron 
b. neufron 
c* proton 

Note: All electrons are alike; all protons are 
alike; and all neutrons are alike* 

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS » YOU MAY 
GO ON TO TEST FRAME 2K OTHERWISE, GO BACK TO FRAME 9 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST 
FRAME U AGAIN. 

13. The particle that has the greatest mobility Is the lightest 
of the three* 

Check the arrow that Indicates the lightest particle* 




t 

tc? electron- i 

\ 

14, The particles In the nucleus are heavier than the particles 
that move* 

Check the heavy particles. 




Tb) proton; and, (c) neutron 




One-t 



15. Hatch the following parts In Column B to the characteristics 
. of the parts listed in Column A, Do so by writing the ap~. 
proprtate letters on the blanks provided opposite the numbers 



J* Ught a* electron 

1* heavy b, nucleus 

_3* In center 

Jl« relatively far from the center 



U« a-electron; 2» b-nucleus; 3. b-nucleus; fr* a-electron) 
16* You have seen this diagram* 



^ z ~ Cr 



The dotted line will Indicate that the lightest particles ere 
orbiting the other two kinds of particles* 

Check the correct statement* 

a. The neutron orbits the proton and electron* 

b, The electron orbits the nucleus* 

< c. The proton o^btts the nucleus* 







{b) The electron orbits the nucuus^ 


* t 



17* The three different kinds of particles make up what is called 
an atom* 

Name the three basic particles of an atom* (Any order) 



(electron, proton, neutronj 
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, 18. All matter ts composed of atoms. Atoms are sfmMar tn that they 
are'all composed of the same atpm!c particles. The difference 
between types of matter lies tn the number and Arrangement of 
these particles* 

If we could replace some of the copper nucleus protons with 
neutrons, the atomic make up of .the new wire would be: 

a* the same* 

b, different. 



(b) different 

* 

19* Regardless of the atomic structure of a material, there will 
usually te an equal number of electrons and prctons In the 
atoms. This Is said to be a normal or neutral condition for 
the atom. > 

\lh\ch of the Illustrations shows an atom tn a neutral state? * 




c3D ■ C*^> 

b 



TcT 



20 ♦ 1 copper atom has 3^ neutrons and 2J protons. 

How many electrons does it have tn Its normal cor.dttton? 



U9 - same as the n;imper of protons^ 
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2K Match the following: 

(Some may require more than one answer,) 

1* tn nucleus 

2. tightest particle 

3* farthest from center 

*K of equal number In atom 

5* orbits nucleus 

6, composed of three basic particles 

7. most mobile In a wire 



a, electron 

b, neutron 
< 

s? 

c* .proton 
d. atom 



(THIS tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 



"24 



One- 1 



/ ANSWERS - TEST FRAME 21 
1* b-neutron» c-proton 
2* a-electron 
3* *a-electron 

a-electron f c**proton 
5* e-electron 
6. d-atom 
•7. a-electron 

*The relative distance of the atomld" electrons from the 
nucleus Is about 100,000 times the diameter of the nucleus. 



IF ANY OF YOUR ANSWERS ARE INCORRECT . GO BACK TO FRAME 
13 AND TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU KAY TAKE THE PROGRESS" 
CHECK, OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS 
CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON I 

Electricity and the Electron 



The energy which causes telephones, radios, washing machines, and 
toasters to work Is called electric! ty * This electricity comes to 
most electrically operated devices through wires* In a commercial 
power system, such as the one supplying your home or this building, 
these wires form a network that runs all the way from the lights 
and wall outlets In this room to a main generating plant, possibly , 
hundreds of mtles away* c 

To start your study of electricity, think about the wires that bring 
electrical energy to the point where It Is used* How can energy 
be carried through a piece of solid metal? The atomic structure, 
of matter supplies the answer to this question* When the submlcroscoplc 
appearance of wire fs considered, It Is found that the wire Is not as 
solid as. might be thought* The wire Is actually made up of billions and 
billions of atoms which have relatively large amounts of space In and 
between thtfto* 

To understand what moves Inside the wire, you must consider the atoms 
from which It Is formed* According to the atomic theory, all atoms 
are composed of two baste particles - the electron and the proton, 
usually existing In equal numbers* In most cases there Is also a 
third particle known as the neutron* The electron Is the particle 
which moves through the wire carrying electrical energy from the 
generator to the user* In our model of an atom, the electrons orbit 
the nucleus which Is made up of the protons and neutrons* 




All materials have an atomic structure, and all atoms contain the 
same basic particles* The difference In atoms (and materials) Is 
In the numbers of electrons, protons, and neutrons that make up 
the specific atom* 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH* 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- * 
RECTLY, GO TO THE NEXT LESSON* IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CtfRRECTLY* 



19 

26 



BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 




MODULE ONE 
LESSON I 1 
Electron Movement 

Study Booklet 



/ ■ 
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OVERVIEW 
LESSON II 
Electron Movement 

We have seen that electrons are usually bound to an atom* We have 
atsp Inferred that a flowing stream of electrons constitutes 
electricity* Thts lesson wilt make clear the difference between 
these two possible states of electrons* In this lesson you will 
study and learn about the following: 

-movement of particles - 
-negative and positive charges 
-neutral particles 
-law of charged bodies 
-random drift 

Each of the above topics will be discussed in the order listed* As 
you proceed through this lesson, observe and follow directions carefull 

BEFORE YOU START THIS LESSON,' PREV I EW THE LIST OF STUDY RESOURCES 
ON, THE NEXT PAGE. 
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Study Resources Orie~ll 

* 

LIST OF STUDY RESOURCES 
LESSON tt 
Electron Hovement 

K * 

To team the material tn this lesson, you have the option of choosing* 
according to your experience and preferences, any or alt of the 
following: 

'STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL; 

NAVPERS 93**00A-la "Baste Electricity, Oirect Current/* 

Fundamentals of Electronics * Bureau of Naval Personnel* 
Washington, D C,; u* S* Government Printing Office, 1965* V 

> * 

You may study whatever learning-materials you feel are necessary to 
t answer the questions In Jhe Lesson Progress Check* All your answers 
must be correct before you can go to Lesson III. Remember your In- 
structor is available at all times for any assistance you may need* 
YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE* YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME* 
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NARRATIVE 
LESSON M 

Electron Movement 

Movement of Particles 

Think about the title of this lesson, "Electron Movement*" We 
are speaking here of the movement of the electrons within solid 
material such as a v/tre* The other two principle atomic particles, 
the neutron and proton, are too heavy and too tightly bound 
together to move around In the wire as freely as the electrons 



Charges 

To understand the movement of electrons, you must understand 
the term charge * A charge can be defined as "a store or accumulation 
of force*" Two of the three basic atomic particles, the electron 
and the proton, have a charge and are called charged particles * 
Some charged particles attract each other and some repel . Let 's 
see which attract and which repel* 



Negative and Positive Charges 

JJecall that, the electrons orbit the neutrons and the protons of the 
atomic nucleus* The electrons do this because their tendency to 
fly ?way due to centrifugal force Is balanced by an attraction 
to the protons In the nucleus* The attraction is strong enough 
to keep the electron within the atom, but not strong enough to 
drapw It to the nucleus* The part to remember here Is that the 
electron Is attracted to the proton* Knowing this, let's 
suppose that we refer to the electron as a negative (-) charge 
and a proton as a positive (+) charge* They are uflljke charges* 



Answer this question* *V 
1* Do unlike charges attract or repel? 



^1 



The answer Is that unltke charges attract* The negatively 
charged electron Is attracted to the positively charged proton* 



Neutral Particles 

As we commonly use the term, anything that Is neutral Is neither 

. 2* 



Narrative • One-H 

one way nor the other* A neijtral particle Is neither attracted 
nor repelled by other charged (or uncharged) particles* You can 
observe that word neutral resembles neutron* 



Name the atomic particle that Is neither attracted 
nor repelled by other charged particles* * 



: z ~~ 

The answer, of course. Is neutron * tt Is neither attracted nor 
repelled by either the electron or proton* The neutron plays 
no noticeable role In electric current. 



Like Charges 

We said that the electron has a negative charge and that the 
proton has a positive charge* Because they are unlike charges, 
they attract each other* But what about two electrons, both 
negatively charged, or two protons, both positively charged? 
The answer Is that "like charges repel*" 



Answer this question* 

Which two repel 'each other? 

a, two electrons 

b* two protons 

c* an electron and proton 



The two electrons will repel* They do so because they are* 
M llke charges*" The same goes for two protons* They are 
both alike In that they are both positively charged* The 
answer Is M a" and »b"* 



Law of Charged Bodies 

The Law of Charged Bodies states exactly what you have just learned: 
"Like charges repel, unlike charges attract*" This law of charged 
bodies Is part of Coulomb's Law * (The balance of this law tells us 
"how much" the charges repel or attract*) 

We can state this law of Charged Bodies In a number of f ways, all 
meaning the same thing* 
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. Repulsion 

■* ^ 

> * -Ltke charges repel* 

-Two electrons repel* 
-Two protons' repel, 
-A negative and a negative repel* 
-A positive and a positive repel* 
-A (*) and a (+) repel ♦ 
-A (~) and a (-) repel* 

Attraction 

-Unlike charges attract* 
-A proton and an electron attract. 
-A positive and a negative attract* 
-A (+) and a (-) attract. 

Movement Caused by Charges 

When we speak of movement, caused by forces between charges, we 
are primarily referring to the attraction of the electron to 
the proton* Recall that we said there are billions and billions 
of atoms In one single wire of our power supply* We also satd 
that. In this copper wire, each copper atom has 29 electrons* We 
chose to think of each of these electrons as orbiting the 
nucleus (neutrons and protons)* Of these 2$ electrons, some are 
closer to the nucleus, .others are farther away, visualized 
somewhat like the following Illustration* \ 




This volume contains 28 electrons In complete shells around 
the nucleus of the atoro* The outermost orbit of the copper 
atom contains only one loosely bound electron, as shown* 

According to the complete^form of Coulomb's Law of charged bodies, 
all electrons are attracted to the nuclear protons* Since the 
force of attraction between charged particles lessens with In- 
creased distance, the electrons farther from the nucleus experience 
less force of attraction than those closer to the nucleus* Once 
again Recall that there are billions and billions of atoms* Let's 
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take just two of these atoms and took at the electrons farthest 
frop the nucleus in each atom* 



00 ™ 



fn observing the two Illustrations* remember two points: 

1* The outer electrons* although attracted to their respec- 
tive nuclei* have the weakest force of attraction because 
they are farthest away* 

2* As the outer electrons of each atom approach each other* 
they will repel each other* 



You know this because: (check one) 

a, like charges repel* 

b* unlike charges repel* 



The answer Is '-'ike charges repel, 11 

This force of repuIsKon between outer electrons of one atom and 
outer electrons of another atom may become stronger than the 
attraction of electrons to the protons* Therefore* as the outer 
electrons approach each other* they repel and may be forced out 
of their atomic orbits* 

When this occurs* the atom Is left with more positive charge (protons) 
than negative charge (electrons) leaving the atom with a net posi- 
tive charge* This positively charged atom is called a positive Ion , 
tf an electron joins an atom that already has a full complement of 
electrons (a neutral atom)* the atom assumes a^net negative charge 
and becomes a negative Ion* An ton* then* ts simply a charged j 
atom* The process whereby an atom becomes aji Ion is called 
Ionization * The amount of energy (outside force* such as heat 
energy* Itght energy* etc*) necessary to * cause Ionization for any 
particular atom Is known as the Ionization potential * 



Random Orlft of Electrons 

Once an electron has been driven from its atomic oxbit it becomes 
a fr ee electron * drifting here and there seeking a 'new orMt* This 
free electron* no tonger attracted to Its home atom* is now free to 
drift at random* This movement of free electrons Is referred to 
as random ' drift * Note that special cases exist at the surface of 
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the wire, and here other forces tend to keep the electrons wtthln 
the wire* 



The diagram above shows electrons moving In all directions* Since 
this movement of free electrons Is at random In. all directions, 
ft cannot be used as electricity to light lamps, operate toasters, 
and so on* For electricity to do something, a majority of these 
free electrons must be caused to move In one general direction* 
(f this Is *,ot the case, there ts no riet. flow of energy, and no 
work can be done* 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND ; 
ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT, 
STUDY THE METHOD OF INSTRUCTION YOU PREFER UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS COiWiOTLY* 




RANDOM DRIFT OF ELECTRONS 
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PROGRAMMED INSTRUCTION 
LESSON n 

Electron Movement 

TEST FRAMES ARE 18, 29, and 35/ AS BEFORE, GO FIRST TO TEST FRAME 
18 AND SEE (F YOU CAN ANSWER Alt THE QUESTIONS THERE* FOLLOW 
THE DIRECTIONS 6>VEN AFTER THE TEST FRAME, 



1. Electrons and protons tend to draw together. 

Check the two particles that are attracted to each other, 



lb-electron; c-protonj 



2. The atomic particles that orbit the nucleus repel each other, 
Which two particles repet? 



a, two neutrons, 

b, .two electrons. 



tb) two electrons 



3. The particles to which electrons are attracted also repet each 
other. 

Check the other particle? that repel each other, 

i a» neutron\ind proton, 

b, proton and electron, 

i c. neutron and^neutron. ■ 

, d, proton and, proton. 



td) proton and proton \ *S~ 
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'Match the two columns* 

^a* two 'electrons / K attract 

b* two protons 2* * repel 

c* protons and electrons 



{a. 2*repcl; b* 2-repel ; c* 1-attractJ 

* 

5-^_Xbg_a t orn! c particles that are not In the nucleus are said to 
' have a" negative efiargey (Charge -means an accumulation or store 
of force.) 

Which particle has a negative charge? 

i a* proton 

b, electron 

c* neutron 



ectron 



6. 'The other kind of particle that attracts and repels Is said to have a 
post tlve charge* 

Which particle has a positive charge? 

i a* proton 

b* neutron 

c* electron 



(a) groton 



7* As.its name Implies, th| third particle Is neutral and could be 
symbolized this way: (-) 

A neutron- 

a* has a net positive charge* 

b* neither attracts or repels* 

c* has ar net negative charge* 



(b) neither attracts or repels* 
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8. The symbol for negative charge is the mlnus v (-) sign. The symtol 
for positive charge Is th^ plus {+) sign. The positive sign 
above the negative stgri (*) Indicates the particle ts neutral* 



Hatch. 
1* + 

_ 3- - 



a* electron 

b* proton 
c* neutron 



0* b*proton; 2» c-neutronj_ 3» a-electron) 
9* Label each particle according to Its charge* 




(a*electron; b-proton; c-NeutronJ 



10* Look at the diagram of the atom* 




Check the Items that are true of the particle Indicated by the 
arrow* 

a* negatively charged* 

b* positively charged* t 

c* symbolized by - sign* 

d, symbolized by + sign* 

e* attracted to proton* 

t f* repelled by proton* 

- g* attracted to electrons* 

h* repelled by electrons* 

1* neutral* 



(a-negatlvely charged; c-symboltzed by - sign; e-attracted to proton 
h- repel led by electrons) 
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11. Look at the diagram of the atom. 



Check Items that are true of the partlc'e Indicated by the arrow. 

negatively charged, 
neutral charge, ' 
symbol t2ed by + sign, 
2yrnbotl2ed by ~ sign, 
attracted to electron, 
attracted to protons, 
positively charged, 

repelled by protons, > 
attracted to protons, 
symbol l2cd by + sign. 



a, 

b, 

c, 
d, 
e, 
f, 

9* 
hi 
I, 
J- 



(c-syflfcoli2ed by + sign; extracted to electron; g-posltlvely 
charged; Ivrepclled by protons) 



12* Match the columns, 

1, negative charge and negative charge a, attract 

2, positive charge and positive charge b, repel 
3* negative charge and positive charge 



(1, b*repc1; 2, b*rege1; 3* a~attract) 



13* The word 1 1ke means ,o£ t he same kind . 
Check the correct statements, 

a. Like charged partltlcs attract, 

b. Lllcc charged particles repeK 

c. Unlike charged particles attract, 

d. Unlike charged particles repel. 



(b-LIkc charged particles repel; c-Unllke charged particles attract ) *F 
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o 

1*. Whit Is true of the charged particles Is also true' of 
groups of charges* 

, rSeck the correct statements. 

a* "Groups of * 1 1ke charges repeK 

b. Groups of unlike charges attract* 

c. Groups of unlike charges repel* 

„d** Groups of like charges attract* 



ta-C roups of TTke charges repel; V-G roups of unlike charges attract ) 



15- In electrical theory: 

ua a* unlike charges attract, 
b. like charges repel* 



unlike charges, attractfT-1 ike charges repel) 



16* That unlike charges attract and like charges repel Is referred 
to as the "Law of Charged Bodies. 1 ' According to the Law* of 
Charged Bodies; 0 

a. two electrons repel* 

b. two protons repel * 

» c» protons and electrons attract* 



Ta-^o electrons repel; b~two protons repel; c- protons and electrons 
attract) 



17. You can Infer that the. Law of Charged Bodies does not refer - 
to the particle that Is neutral. * 

Write the name of the neutral particle* 



^ (neutron) 
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18. Hitch 



U two protons 

2. photon and electron, 

}, (+) and (-) 

4* two electrons 

5* positive and negative 

6* (+) and (+) 

7. 1 Ike charges. 

8* positive and: positive 

9|«J»gatlVe and negative 

loTurfttke cha/ges 

11;* two neutrons 



a, attract 
b* repel 
c* neither 



(THISIS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 18 



1. 
2. 

3- 
4. 

5. 



b 
a 
a 

b 
a 
b 



7. 
8. 

9. 
10. 
11. 



b 
b 
b 
a 

c 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS* YOU MAY GO ON 
TO TEST FRAME 29- OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN. 



19. Study the Illustration, of an atom below. 




The. diagram Indicates that electrons: 

a. are all equal distances from the nucleus. 

, , , . b. may be spaced at different distances from the nucleus 



(b) may be spaced at different distances from the nucleus 

20. Coulomb's Law of Charged Bodies tells us that the greater the 
distance between the protons In the nucleus and the electron, 
the weaker the force of attraction between them. 

Check the electron that has the weakest force acting upon It. 




(c) electron in the outer orbit 
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21. Study this diagram. Check the electron that has the strongest 
force of attraction acting on It. 




lb) the electron In the Inner orbit 



22. Electrons which are weakly attracted to their nucleus can be 
easily dislodged from their orbits by seme external force such 
as heat energy, light energy, etc. 

Check the electron which can be easily dislodged from t s orbit 
by a force. 




(c) electron In the outer orbit 



23. Check the electron that would require the most force to be 
dislodged. 




[c) the electron In the* fnnec orbit 
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2k* Electrons which have the weakest force of attraction to their 
nucleus can more easily become free electrons, 

/ 

Check the arrow that Indicates the electron that could easily 
become a free electron. / 




r 



(c) the electron In the outer orbit 



25. If an electron Is forced from Its orbit, the atom Is left 
with more positive charges (protpns) 'than negative charges 

(electrons) and will assume an overall 

charge. (pos 1 1 1 ve/ nega 1 1 ve/ neu t ra I ) 



(post tlveT 



26. tf a free electron should become attached to an atom that already 
* has a full complement of electrons, this atom would contain more 
charges than charges and would assume an 



overa I 1 



charge. , 



'negative; positive; negative J 



27* When an atom assumes a change either by gaining or losing 
electrons, ft becomes a charged atom and Is 'called an Ion. 

An ten Is an atom that no longer has an equal number of 
and 



Tprotons and electrons? 
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28. Any charged atom is an ton. An atom that has a deficiency of 
electrons is a positive ton. 

An atom with an excess of electrons is a . 



(negative Ion? , 

29* Label the diagram as neutral atom, negative ton, or positive Ion. 




c 



(this is a test frame, compare your answers with the correct 
answers given/ at the top of the next page.) 
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ANSWERS - TEST FRAME 29 ■ 

a. Neutral; b. Positive; c. Positive; d. Negative 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO 
.ON TO TEST FRAME 35. OTHERWISE, GO BACK TO FRAME 19 AND TAKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 29 AGAIN, 



30. The process whereby an atom becomes an ton Is known as Ionization , 
The amount of energy' (outside force such as heat energy*, light 
energy, etc.) required to cause Ionization Is called Ionization 
potent tel . 

In order for-an electron to become free of the parent atom, 

energy equal to or greater than the must be 

applied to the atom. 4 



t ionization potentiaTT 



31. The free electrons move In all directions within the material. 
This haphazard movement of free electrons Is called random dr l ft. 

Which Illustration shows the random drift of free electrons? 
• b 

fZ 




{a) random drift 
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32. A free electron ts an electron which has beervfdislodged from 



the parent atom* 
Check the lettered arrow pointing to the free electron* 




td) the electron not In orbit 



33* Which, correctly describes free electrons? 

a* those no longer attached'to an atom 

i b* those hard to dislodge from the atom 

c» those that have become attached to another atom's 
nucleus 



(a) those no longer attached to an atom 



34- Random drift: 

a* ts the movement of free electrons together In one, direction, 
b» describes the movement of electrons around the nucleus* 
J c, ts the haphazard movement of free electrons* 



Ic) ts the haphazard movement of free electrons 
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35* Check the correct statements, 

a* Within an atom having several orbits of electrons, the 

electrons are all at equal distances from the nucleus* 

b* The greater the distance between the nucleus and the 

electron, the weaker the force of attraction between 
them* 

c. Electrons weakly attracted to the nucleus an;, difficult 

to dislodge from that nucleus* 

i d* Free electrons are thpse that have the greatest potential 
of being free wheaan outside force Is applied* 

, *. Random drift is the haphazard movement of atoms In a wire* 

i f* Within an atom having several orbits of electrons, the 
electrons are spaced at different distances from the 
nucleus* 

g* Electrons dislodged from their atoms after an external 

force has been applied are called free electrons* 

h* The greater the distance between the nucleus and the 
electron, the greater the force of attraction between 
them* 

i I. Random drift Is the haphazard movement of protons in a 
wire* 

j» Electrons weakly attracted to their nucleus are the easiest 
to dislodge from their orbits* 



{THIS IS A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST- FRAME . 35 

b - The greater the distance between the nucleus and the 
electro*, the weaker the force of attraction between 
them. 

f - Within an atom having several 'orbits of electrons, 
the electrons are spaced at differ' J distances from 
the nucleus. 

g - Electrons dislodged from their atoms ,.after an external 
force has been applied are called free electrons. 

j - Electrons weakly attracted to their nucleus are the 
easiest to dislodge from their orbits. 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME 19 ANO TAKE 
THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED*. IF YOU 
TAKE THE PROGRESS CHECK ANO ANSWER ALL THE QUESTIONS CORRECTLY 
GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUC- 
TION YOU WISH UNTlfrYOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY \ 
LESSON It \ 

Electron Movement \ 

The electron may constitute electricity because tt has an electric 
charge * The prgton also has an electric charge* but It Is opposite 
In character to the electron's charge* By common agreement* we 
call the proton's charge positive and that of the electron negative * 
The neutron Is neutral * that Is* tt has no net charge* - 

In the last lesson* you learned that electrons are believed to 
carry the electrical energy* Protons and neutrons are too heavy and 
too tightly bound together to move around In the wire as freely as 
the electrons do. 

Complex forces hold the electrons In their more stable positions In 
the atom* tt Is experimentally fhund that positive and negative 
charges attract each other* Another electrical force Is the mutual 
repulsion which exists between electrons* Similar mutual repulsion 
exists between protons. These forces are stated tn Coulomb's Law 
of Charged Bodies as "like charges repel and unlike charges attract* 1 
The protons In the nucleus of an atom are held together by very 
strong nuclear binding forces; so the protons cannot be separated by 
the force of repulsion between them* But the orbiting electrons are 
more delicately balanced* There fs a force of attraction between 
the electrons and the nuclear protons* Thts force tends to putt the 
electrons toward the nucleus while the energy of their motion 
(centrifugal force) tends to move them outward* Normally the two 
forces wilt balance and the electrons will remain In orbit about 
the nucleus* and the atom will maintain Its Nectrtcal neutral state* 



The greater the distance between to*o unlike charges* such as an 
orbiting electron and the positive charge of the nucleus* the 
smaller the for^ce of attraction between the two particles* Because 
of thts* the electrons that orbit farthest from the nucleus may 
lose this balance of force quite easily and move away from tt\e atom 
to become free electrons* Thts wilt occur when some outside force 
(heat energy* light energy* etc*) ts applied to the atom. Since 
the electron with Its negative charge has left the atom* the atom 
now contains more positive charges (protons) than negative charges 
(electrons) and has become a posttWet/ charged particle called a 
positive Ion * 

If a free electron becomes attached to an atom that already has a 
full complement of electrons the atom assumes an overall negative 
charge and ts called a negative ton * As you may have gathered* 
ton ts a term used to refer to ar. atom that hs^ assumed a net 
negative or positive charge* The process wt;fcr r *»y an atom becomes 
an ton ts known as Ionization and the amount < *' energy (outside 
force) necessary to 'free an electron from Its *^om Is known as the 
Ionization potential for that ate a* 
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Once an electron leaves Its orbtt and becomes a free electron, tt 
drifts at random through the material until some other force (a 
positive charge, repulsion fr;om another electron, attraction to 
an atom which has lost an electron, etc*) acts upon tt* This move" 
ment of free electrons Is called random drift , and because this 
movement within a material takes place In all directions, the 
average net effect Is zero; nothing can be measured and no electrical 
work Is done* 



AT THIS POINT, YOlf MAY TAKE THE PROGRESS CHECK OR YOU MAY STUDY THE 
LESSON NARRATIVE OR THE PROGRAMMED LESSON r IF YOU TAKE THE PROGRESS 
CHECK AND .ANSWER ALL OF THE QUESTIONS CORRECTLf, GO TO THE NEXT LES- 
SON- tF NOT, STUDY THE METHOD OF INSTRUCTION YOU PREFER UNTIL YOU 
CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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Overview 6 - ^ One-Ill 

- . OVERVIEW 

LESSON III 

* Current Flow 

In this lesson you will study- and learn about the following: 

^random drift vs* directed drift 
-directing election movement 
^current path ^ 
^simple circuits 
"Introduction to schematics 
"direction of current flow 
a "building a simple circuit 

Each of the above topics will be discussed In t h * order, listed. 
As you proceed^through this lesson, observe and follow directions 
careful ly. 

. . r 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RE- 
SOURCES ON THE NEXT PAGE. 
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f : , * LIST Oh STUDY RESOURCES 

leI&m 111 
Current Flow 

To te^rn the material In this lesson, you have the option of choos 
!ng» according to your experience and your preferences, any or all 
of the following: s 

STUDY. BOOKLET: - 

Lesson Narrative 
Programmed Instruction 
Lesson S urinary 

ENRICHMENT MATERIAL: 

Boeke, K* Cosmic View: The Universe In jfO Jumps , 

New York: The John Day Company, 1957* 

♦ 

NAVPERS 934O0A- 1 a M Baslc Electricity, Direct Current. 11 

Fundamentals of Electronics , Bureau of Naval Personnel* 

Washington, D;C*: m U* S* Government Printing Office, 1965* 
■ ■ * 

AUDIO-VISUAL: ' « 

Sound/Slide Presentation: ""Constructing a Simple Circuit/ 1 * 



You may study whatever learning materials you feel are necessary 
to answer the questions In the Lesson Progress Check* Alt jp^r 
answers must be correct before you can go to Lesson IV* Remember, 
your Instructor Is available at all times for any assistance you* 
may need* 



WU MAY NOW, STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE*. YOU' 
HAY TAKE THE PROGRESS CHECK AT ANY TIME* 



Narrative 



NARRATIVE 
USSON 111 

Currant Flow 

Randofl Drift vs. Directed Drift 

In tht previous lesson we spoke of random drift, which you 
^ recall was the movement of the outermost electron away from 
Its atomic nucleus* Disconnect e wire from your power sup* 
> ply, pick It up, and look' at It. Inside that wire there ^ls 
a random drift of btltlons of free electrons* tn this state, 
these free, electrons are not capable of doing anything useful, 
meaning they cannot make lamps light or machines operate or 
household appliances work. This Is true if *H .the wires are 
connected but your power supply cord 1$ not plugged tn, or 
If the switch Is open. To obtain electrical current, the 
free electrons drifting at random must be moved In one general * 
direction. Directing and controlling this movement Is referred 
to es directed drift. 



Directing Electron Movement 

To control and direct the drift of these free electrons 1 , some 
external force or push Is necessary. We will discuss later 
the force that causes these electrons to move In one direction. 
For now, we merely want you to know that we cannot have electrt- 
eel current (electron flow) that wilt do work unless these free 
electrons are moving In on* general direction. Frcm here on, 
when we speak of electrical current, we will mean directed 
electron flew capable of^dolng wark. Net electron flow must be 
directed like this; 



Current Path 

To direct this flow of electrons and thus form electrical cur* 
rent capable of doing work, there must be a complete path for the 
electrons to take. That is, they must leave the source, follow a 
complete path and return to the source. The following illustra- 
tion shows the difference between a complete path and an Incomplete 
path. Remember, the complete path must Include a return to the 
source. 



\ 
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« — < — * 



■* — 




n which H lustra 1Z 



above wt 1 1 current ftbw and do some wcrk? 



(Check one) 

i a. I I lustration A 
b. 1 1 lustration B 



Answer: a. Illustration A 



Circutts 

For the electrons to flow continuously In one direction they must 
have a complete path to follow. This path Is called a circuit. 
When all wires In your power supply are connected and the cord 
plugged In, electrons have a complete path. You now have an 
electrical circuit capable of doing work - lighting the lamp. 

Since wires form a path for conducting the electrons through 
the wires, they are referred to as conduct ' rs. If there is 
not a complete path for the electrons to move around the circuit* 
due to an open or break In the conducting p*th, the directed 
electron movement stops, and. In effect, you have no current. 



Diagram of a Simple Circuit 

Soon, you will be constructing a simple circuit. A simple circuit 
usually has .one source, such as a battery, that provides the 
force to cause directed electron flow. Wires will be connected 
to make a complete path >or current, and there will be a workload 
that will use the current. In the simple circuit you butld^ the 
load will be a lamp. There will be one other component ~- 
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a knife switch, that can be used to break or complete the path of 
current flow* ' 



We could draw a pictorial diagram of a simple circuit like this. 

Illustrating a dry cell* a lamp, a 
switch, and connecting wires that con- 
duct the current through the circuit. 




It would be difficulty to Illustrate more complex circuits In this 
manner* Instead, we use diagrams referred to as schematics , 
A schematic of a simple circuit above looks tike this: 



— 




Sane Schematic Symbols 

As you observed, we use certain symbols to represent certain 
* components or parts of a circuit* 

Wire or conductor Is symbolized by straight connecting lines, 



A dry cell Is symbolized by two short lines of unequal length, 

separated by a space, and showing a 
conductor connected to each line: 



or 



A lamp Is symbolized by a small loop In the conductor that 
has a circle around It? 

An open switch Is symbolized like thts: 
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This open switch symbol — Indicates that the circuit Is 
broken or open and no current can flow because the blade of the 
switch Is not touching the metal contact. 

A closed switch Is symbol Ized like this: 

You can see that when the switch Is closed, there ts a complete 
path for current. 



Open switch 
Closed switch 



open circuit - no current * 
closed circuit - current flow 



Without looking back, see If you can Identify the 
symbols on this schematic by writing the names of 
the parts they represent on the dotted lines. 



;-4 



You should have labeled the components like this: 

a, switch (open) 

b» lamp* 

c» wire or conductor 

d» dry cell 



Direction of Current Through A Circuit 

Recall that the schematic symbol for a cell Is two lines of 
unequal length. __|| ' This Is significant. By common 

agreement, the shorter line represents the negative terminal 
of the c&H, while the longer line represents the positive 
terminal * | 

JL (negative terminal) 
— I — (positive terminal) 
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You remember that electrons have a negative charge, and there* 
fore thtey are pushed out of the negative terminal of the battery* 
This means that we can determine the direction of current flow of 
4 circuit by locating the short line of the battery symbol In a 
schematic* 

Electron current 'flows from the negative ternitnal, through the 
conductor and circuit component*, sr»4 back to the positive 
terminal tn this manner: 




Observe the arrows that show current flow from negative to 
positive* 



Draw arrows to Irfdlcate direction of electron current 1 
flow In these circuits* 

i — i - 



In both circuits, current will flow from the negative to the 
positive terminal and your arrows should show counterclockwise 
flow In jjoth cases* 



Since electrons cannot be see*, a guess was taken almost 
two centuries ago as to whether (+) charges or (-) charges 
constituted current* Unfortunately, the wrong guess was made* 
Many books still use the conventional theory of a current of (+), 
charges moving from the positive terminal of the cell. The 
results are equivalent, but do not agree with the more modern 
theory* 



Building Your Simple Circuit 

Your simple circuit will consist of these components: 

-a dry cell 

-three conductors 

-a vector board 

-a preassembled knife switch 
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iF YOU 00 NOT ALREADY HAVE THESE 'ITEMS AT YOUR CARRLL , GO NOW 
TO THE HATE RIALS CENTER AND ASK FOR YOUR "SIMPLE CIRCUIT" 
PACKAGE FOR MODULE ONE. 



Spread the materials you need In front of you. Particularly 
notice the vector board. You will use this board many times 
In your study; Observe that It looks like this: 




Each spring cHp Is labeled by number — J\j T2» etc* The two 
premounted lamps are labeled DS1 and DS2, DS ts a standard 
abbreviation for tamp whfch*you will find on schematics* 

Also observe that.a krvl f e switch Is premounted between T8 and 
T7- 

During the first modules of this course you will be using only 
the left half 6f the vector board,. The right half, which is 
shaded In the above drawing, you will use later. 

Now let's but Id a circuit} 

Place the vector board In front of you so that labels are 
readable, not upside down. 

Perform the following steps in order: 



1, Open the switch by pulling the handle up, 

2, Take one wire conductor and connect It to the center 
terminal of the dry cell/' (This >s the + terminal-) . 

Do this by wrapping a bare end around the post, and then 

tightening the screw, - r 
3* Take a second conductor and connect It to the out* 

-sIde t or negative terminal of the cell, 
h. Connect the loose end of the wire from the negative 

terminal of the, cell to spring clip JU 
5* Connect the loose end of the wire from the positive 

terminal of the cell to T8, 
6* Take* the third wife and connect It between Tl and 

T2, 

7* Connect the loose end of the top wire from DSl^ (the 
one closest to T2) to T2, 
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8, Connect 'the loose end of the bottom wire from DS1 to 

♦ T7* 

9* Connect the wires from each end of the switch to 
T7 and T8* 



Now you have constructed a simple circuit* Look at It to see 
that you have made all connections and provided a complete path 
for current* 



10* Now close the switch to complete the path* 
YOUR LAMP SHOULb LIGHT* 

11* Close and open the switch several times* Observe that 
as the metal part of the switch touches the metal con- 
tact, the circuit Is closed, and the lamp. lights* As 
contact Is broken, the circuit Is open, no current can 
flow, and the lamp does not work* 

12* Finally, open the switch and leave the circuit as It 
Is. (You will use Ut again In the next lesson*) 

13* Draw a schematic to represent the simple circuit you 
have constructed*. Include the symbols for: 

1* the cell 
2* the conductor 
3* switch' 
4* lamp 

Then draw arrows on your schematic to Indicate the 
direction that current would flow If the switch were 
closed* 



Check your schematic against the one shown below* 

Your schematic should look like this; ( — . 

M 

Observe that current would flow from negative to positive, 

YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED* If YCU TAKE THE PROGRESS CHECK AND ANSWER ALL OF 
THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY* 
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PROGRAMMED INSTRUCTION 
LESSON I it 

Current Flow 



TEST FRAMES ARE 7, 10, 21, 25, and'29* AS BEFORE, GO FIRST TO 
TEST-FRAME 7 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE, 
FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME, 



1* Random drift was described as: 

im>iibm a* free electrons that move haphazardly* 

^ _ b* free electrons that attach to another atom* 

c* free electrons that move together In the same 

general direction* 



(a) free electrons that move haphazardly" 



2, Free electrons drifting at random are not capable of doing use* 
ful work* 

'Check the Illustration that shows electrons not capable of 
lighting a lamp or operating a motor* 

(55) (ZZE) 

a b 



lb) random drift 



3* To be capable of doing useful work, free electrons must be 
directed by some force Into moving In one general direction. 

Check the Illustration that shows directed electron drift* 



{b) directed movement 
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<t. Dry cells* battles* and the voltage from electrical well out- 
lets are sources of electrical energy and can supply the force 
needed to cause directed electron drift. 

Check the Item that shows a force being* applied to electrons. 



a b 




5- Continuous electrical current Js the movement of free electrons 
In the same general direction. 

Current flow Is: 

a. random drift. 

b. directed drift. 



tb) directed drift 



6. Current flow: 



a. Is capable of I Ightlng a lamp. 

b. Is not capable of doing useful work. 



U) Is capable of lighting a lamp 



7- Check" the Items that correctly describe current- flow. 

random drift of free electrons 
electrons attached to parent atom 
directed drift of free electrons 
free electrons doing work 
free electrons not capable of doing work 
free electrons not forced Into movjng In one direction 




(THIS tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 7 

c - directed drift of free electrons 
d - free electrons doing work 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS , YOU MAY GO ON 
TO TEST FRAME 10. OTHERWISE* GO BACK TO FRAME ! AND TAKE 
THE PR06RAHME0 SEQUENCE BEFORE TAKING TEST FRAME 7 AGAIN. 



8. For current flow to take place, electrons must have a continuous 
path to move through. 



Check the Illustration In which there can be no continuous cur- 
rent flow. 



fa 



— r b 



m3> 




9. A continuous path for electrons to follow Is called a complete 
circuit. 

An Incomplete circuit: 

2 a* Is capable of doing work* 

i b. Is not capable of doing work. j 



(b) Is not capable of doing work' 
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10# Hatch the illustration to the circuit condition* 



current will flow 
complete circuit 
Is not doing work 
k, continuous path for 
electrons 
Incomplete circuit 
I 5 doing work 
no current flow 
broken path . 



3* 



5* 
8, 



<3) 



(THIS IS A TEST f-RAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - Tt'.ST FRAME 10 



1. b 

2. b 

3. a 
A. b 



5. 
6. 
7. 
8. 



a 



b 



a 



a 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS , YOU MAY GO 
ON TO TEST FRAME 21. OTHERWISE, GO BACK TO FRAME 8 AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 10 
AGAIN. 



!1. A schematic (pronounced ske-mat-ic) Is an organized draw- 
ing of a circuit that uses generally accepted electrical 
symbols to represent actual parts of a circuit. 



(schematic) 



12. The wires that form a path for conducting electrons through 
the circuit are referred tt> as conductors and are symbolized 
by solid connecting lines. 



This ts a 



diagram. 




Check the arrow that Indicates a conductor. 




* — »* 



conductor 
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-1*3*- A 4tght bulb or lamp, which Is the load (uses electrical energy) 
In your circuit, Is symbolized by a circle around a small loop 
In the conductor* 

j 

Check the schematic symbol for the toad In your circuit* 



-|J- -vw- 



J 



B ~ 

H. A dry cell, which Is the source (supplies electrical energy) 

for your circuit, Is symbolized In a schematic by two short lines 
or unequal length, separated by a space, and Including a length 
of conductor at right angles to each line as shown here: 

Check each schematic symbol uelow that represents a dry cell* 



*♦ y — | j — e- (^) 

a 



"0 



■ * 

15* The longer line of the dry celt symbol represents the positive 
terminal of the ,cel 1 * 



Study the diagram* 



The longer line of this Symbol 



represents: 



a* the center terminal of the celt* 

the outer terminal of the* cell* 



(a) the center terminal oE/thc cell 
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16. The short line of the dry cell syribol represents the other 
termlnal^of the. eel r* 

The short .line of this symbol — | J — represents: 

a-, the positive terminal* 

b* the negative terminal* 

c. the outer terminal of the cell* 
d* the center terminal of the cell* 



* 

(b*the negative terminal; c-the outer terminal of the cell) 

y 

17* Match the Srrowed part of the \ \* 

symbol to the corresponding Items* *■ j 

, 1* center post of cell 

2* positive terminal * . * / 

,3* negative terminal \Sf 

*K outer post of celt ^ -b. 



18. label each schematic symbol with a minus {-) sign and a 

plus (+) sign beside the representative lines of the $9nbc) , 

I 1 ^ : 

" j p— 1 b* 
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19. The schematic symbol for a switch ts an arrow between two dots, 
It may appear In different positions. 



Check the schematic symbols for a switch 
a. 



b.. 



d. 




— f 

-•Hp 



«>■ e. f) 



20.- Hatch the schematic symbols to the objects they represent. 



1. 



2. aa^) 

3. 




b. 

/d.-@- 



o-c. a-d, 3-b~ra~ 



21. Write the name of each symbol on the Indicating arrow. 



4 



ERIC 



(this is a test frame, 'compare your answers with the correct 
answers given at the fop of the next page.) 
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ANSWERS - TEST FRAME 21 



a* 



switch (open) 

dry eel) c cell (positive terminal) 



conductor or wire 



lamp or light bulb 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS » YOU MAY 
GO ON TO TEST FRAME 25. OTHERWISE, GO BACK TO FRAME !1 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 
21 AGAIN. 



22* The schematic below shows the switch In a closed position 
such as this actual switch* — - nm 



When the switch Is closed: 

a* electrons cannot move through the circuit* 

b» the lamp lights. 

Cm the circuit Is complete* 

_ ni _ d* the circuit Is open, 

e* current flows* 



(b* the lamp lights; c-the circuit ts complete; e-current flows 



Study the schematic. 
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23* This schematic shows the switch In an open position such as 
this actual switch: 

Study the schematic. 

f j 



When the switch Is open: 



a* the circuit Is closed* 

b* current stops* 

c* the lamp lights* 

d* there Is a continuous path for 

electrons to move through* 
e* the circuit Is open* 



(b- current stops; e- the circuit Is open) 

2*»* Match the correct switch symbol Kt the terms* 

, 1* open switch 

2* closed switch 

3* allows current flow 

k+ stops current flow b*. 



(1~a» 2-b, 5-b, Va) 



25* Hatch fie schematic diagrams to the circuit conditions* 



' 1. 


light on 




2. 


light off 


a- 


3. 
i». 


swi tch open 
switch closed 




5. 


allows current flow 




6. 


stops current flow 


b. 


7. 


open circuit 




ZZ 8 - 


complete circuit 





X 



7: 



(THIS !S * TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 25 

K a 5- a 

2. b 6. b 

3* b 7- b 

k» a 8. a 



IF ALL YOUR ANSWERS MATCH' THE CORRECT ANSWERS, YOU MAY 
GO ON TO TEST FRAME 29. OTHERWISE, GO BACK TO FRAME 22 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 
25 AGAIN, 



26. When the switch Is open in the circuit as shown below, 

an excess of electrons piles tip at* the negative terminal of 
the eel 1 and any parts 
connected to it* 




When the circuit Is open, an excess of electrons exists at 
the point: 

a Indicated by arrow a. 

b- Indicated by srrow b* 



(a) Indicated by, arrow- a 



27. When the switch Is closed, the force of repulsion between the 
negatively charged particles pushes electrons away From the 
negative terminal. This push, combined with the attraction 
between the positive terming) and the electrons, forces the 
electrons through the circuit to the positive terminal of the 
cell. 



Check the lettered arrow that 

shows the direction of current ^ 
flow In this circuit. j 



® 
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28, The movement of negative charges (electrons) from a negative 
point to a positive point Is a statement of the electron theory 
of purrent flow* 

With no Indication given, determine which point Is negative and 
which is positive* c urr»nt t\pw 



a, 

b, 



[a. + positive; b, * negative) 



29, Study this diagram. 



Check the statements that are true. 



a* Electron current will flow in the direction shown by arrow a* 

b* Electron torrent will flow In the direction shown by arrow b> 

c, Electron current wIM flow from positive to negative 
through the circuit, 

d, Electron current will flow from negative to positive 
through the d< -utt> 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE«) 
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ANSWERS - TEST FRAME 29 

b - Electron current will flow In the direction shown by 
arrow b* 

d - Electron current will flow from negative to positive 
through the circuit, 

5 1 nee electrons cannot be seen, a guess was taken almost 
two centuries ago as to whether (+) charges or (-) charges 
constituted current. Unfortunately, the wrong guess was made. 
Many books still use the conventional theory of a current of 
(+) charges moving from the positive terminal of the cell. 
The results are equivalent, but not in agreement with the more 
modern theory of electron current flow. 



IF ANY OF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAME 26 
AND TAKE THE PROGRAMMED SEQUENCE, 

IF ALL YOUR ANSWERS ARE CORRECT GO TO THE NEXT FRAME ANO 
FOLLOW THE DIRECTIONS GIVEN. 



30* Now you are going to construct a simple circuit. If you do not 
already have these Items at your carrel, go now to your learning 
supervisor and ask for them, 

~k dry eel ts 

-assorted lengths of wire conductor 

-vector board with some preassembted components 

-simple ammeter 




if you don't know what ft does don't fool with it! 
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3K Observe the vector board before you. Notice that each spring 
clip Is labeled with the abbreviation "T" to Indicate a ter- 
. mlnal or connection point* 



Label the terminal points on this diagram to correspond 
to the labeling on your vector board* 





© 


© 


© 




© 


© 


© 




32. During thts study lesson you will beusing only the left half 
of the vector board. 



Check the item that Indicates which four connection points vou 
will be using to construct your simple circuit. 

a. Tl, T2, T3, T*» 

b. T5, T6\ T7» T8 

c. TI, T2, T7, T8 

d. T3, Jk, T5» T6 



<c) Tl, T2, T7, TB 
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33* The vector board Includes two premounted larofts. Each ts 
labeled with the standard abbreviation for aflamp. 

Locate the lamp that will be Included In your simple circuit 
by writing the abbreviation for it on this diagram. Write 
the abbreviation on the correct location. 



V 



i 6 
0 



6 



DS 1 



^ — 



3*** Observe the other premounted component on the part of the vector 
board that you will be using. Draw the schematic symbol for 
that component In Its correct location on this diagram. 





Ot 3 t 4 © 


DS 1 j 




It;? ?•? 
Ho — Ssr 1 



DS 1 



'5 

O 



4r — ~~ 



35* Open the switch on your vector board. This wit I ensure* the 
circuit is: 



a, de**energtzed, 

b, energized. 



(a)- de-energlzed 
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36+ Wrap the bare end of a section of loose conductor around the 
positive terminal of the dry celt and tighten the screw, (You 
wttl use only one cell In this procedure*) 

The wire wilt be connected around: 

J a* the outer post of the cetl* 

b, the center post of the celt* 



{b) the center post of the cell 



37* Take a second section of conductor and connect It to the 
other terminal of the cell* 

You wrapped the bare end of the wire around; 

* 

a* the - post* J 

i b, the + post* 



(a) the - post* 

3^* Connect the loose end of the wire from the negative cell 
terminal to Tt* 

Connect the loose end of the wire from the positive celt 
terminal to T8* 

Check the partial schematic which correctly Indicates the 
connections you have made* 




TaT 



39* Connect the two loose wires from the switch to T7 ard T8 and 

connect the loose end of the top wire from DSt to T2 cr»en 
the other wire from DS1 to T7* 

Connect a section of conductor to complete the circuit between: 

a, T2 and T7* 

b* Tt and T8* 

c* Tl and T2* 



(c) Tl and T2 
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kO* Now close the switch* Old the larri^'light? 



One- Ml 



(yes/no) 



If the lamp did fiftt light, either return to Frame 30 or 
Sound/Slide lesson "Constructing a Simple Circuit, 11 If 
still does not light, see your Instructor for help. 



view the 
the lamp 



4k Open and close the switch several times. Observe that as the 
metal part of the switch touches the metal contact: * 



a* the lamp goes out* 

b* the circuit is completed* 

c* the circuit Is opened* 

d, the lamp lights, ? 



tb- the circuit ts completed; <F the lamp UghtsT 



42* Open the switch and draw a schematic to represent the circuit as 
It appears now* Include the symbols for each circuit component, 
(Do not Include labeled terminals** 



Your schematic should look like this 
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*»3. Now 90 back and draw arrows on the schematic you drew In 
frame 42 to Indicate the direction of current flow through 
the circuit when the switch Is closed- 




NOTE: Do NOT disassemble your Simple circuit, 
again In a'future lesson* 



You wl 1 1 be using It 



AT THIS POINT, YOU MAY TAKH THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE PROGRESS CHECK 
AND -ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. 
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON ID 

Current Flow 



in the previous lesson you studied random drift and movement of 
electrons* In this lesson you will learn about the dj reeted drift 
of electrons, which Is the general movement of electrons In one di- 
rection through a wire* This directed drift of electrops results In 
a change In the location of some of the charges In the wire* Work 
Is done when this takes place* Directed drift of electrons Is called 
current flow * In later lessons, vfe will learn about the' forces that 
produce a current flow* 

For continuing current flow to take place, there must be a complete 
path for electrons to take* If there were only a straight piece 
of wire, fret! electrons would soon be forced to one end of the wire 
and no more current would flow* When a complete path exists, electrons 
Jtove from the point where force Is applied to them, then through the 
wires and back to the force through the closed loop, or circuit* 

Consider a single circuit using one cell to provide force, a lamp to 
show when work Is being done, a switch to control electron movement 
In the circuit, and wires to form a complete path for current flow* 

An easier way to draw a circuit like this Is to use schematic symbols , 
'.These are agreed upon "or standard symbols that are used to represent 
components of electric and electronic systems* The schefrfatlc diagram 



for a eel 1 Is — | | — ; for a lamp 
a wire, a simple line* 



for a switch 



and 



You can see that the path for 
current Is not complete because 
of the position of the switch* 
This Is called the open position 
for the switch* 




\ A closed 
flow and 



switch will permit current 
Is drawn like this: 



The symbol for the cell (force) has one line shorter than the other* This 
short line is the negative terminal of the cell, and according to the 
electron theory of current flow, electrons will always travel from this 
point trough a closed path and return to the positive terminal (long line) 
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where the force Pushes them to the negative terminal again* 

Electron Current Flow: ^ 

Since electrons cannot be seen, a guess was taken almost two 
centuries ago as to whether (+) charges or (-) charges constitute 
current* Unfortunately, the wrong guess was made and the positive 
charges were assumed to be the mobile particles* Many books still 
use, the conventional theory of a current consisting of'(+) charges 
moving from the positive terminal of the cell* The results are 
equivalent, but do not agree with the podern electron theory. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YdU MAY 
STUOY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 80TH. 
IF YOU TAKE THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOO OF 
INSTRUCTION UNTIL-YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 

(Note: Remember there is a sound/slide presentation In this lesson.) 

NOTE: ALL STUOENTS SHOULO 00 THE EXERCISE IN0ICATE0 IN THE PROGRAMMEO 
INSTRUCTION, FRAMES 30 THROUGH 43, OR THE AUOIO-VISUAL PRESENTATION, 
"Constructing A Simple Circuit." 
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OVERVIEW - 
LESSON IV 
Measurement of Current 

In this lesson you will study and learn about the following: 

-why we measure current 
-measuring Is counting * - 
-counting electrons 
-electrons that do work 
-the coulomb 
-measurement and time 
-the ampere 

-standard abbreviations 
-powers of >en and scientific 
* p notation 

-the prefixes mil II- and micro* 

Each of the above topics will be discussed tn the order listed* 
As you proceed through this lesson, observe and follow directions 
careful ty* * t 



BEFORE YOU START THl£ LESSON, PRZVEEW THE LIST OF STUDY RESOURCES 
ON TH2 NEXT PAGE* *\ ' 
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.1ST OF STUDY RESOURCES 

LESSON IV 
Measurement of Current 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

"Powers of Ten/' Programmed Instruction Booklet (BE/Eh 

"Scientific Notation and Pot^rs of Ten* M Programmed 
Instruction Booklet A-l/b-1b» 

Boeke, K, Cosmic View: The Universe In hp Jumps 
New York: The John Day Company , 1957* 

Remember, you may study any or all of these that you feel are necessary 
to answer alt Progress Check questions correctly* All your answers must 
be correct before you can go to lesson V* Remember* your Instructor 
Is available at all times for any assistance you may need. 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE* YOU MAY 
TAKE THE PROG RE Si CHECK AT ANY TIME, 
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Measurement of Current 



Why We Measure Current 

We learned In the last lesson that an outside force can cause 
electrons to move In one direction through a circuit and that 
this electron movement Is capable of doing work such as light- 
ing a bulb* But we don't know how much work a given circuit Is 
capable of performing or how much current Is flowing In It* As 
an example, let's Took again at the circuit you constructed on 
your vector board* 



I* Close the switch and observe carefully the bright- 
ness (Intensity) of the light* 
2* Open the swUch again* 

3* Locate the wire that runs from the positive terminal 
of the dry cell to T8, and disconnect the connection 
at T8* 

*K Now take a second dry cell, and connect the loose 
end of the wire you just took off of T8 to the nega- 
tive terminal of the second cell* 

5* Take a new piece of wire now, and connect It between 
the positive terminal of the second cell and T8* 



You have added another cell so that the outside force has Increased, 
and this will Increase the amount of current In your circuit* 



This Is a schematic of your circuit as It appears now with two 
cells* I 1 





6, 
7- 



Now close the switch* 

Observe the Intensity of the bulb* How does the 
brtg L tness of the tamp compare to Its Intensity 
In step 1? weaker 



stronger 
unchanged 



8* 



Open the switch and leave your circuit assembled. 
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You should have observed that the bulb glowed with greater In- 
tensity wtth two cells as the source. We can assume from thts 
experiment that a greater amount of current was flowing In the 
circuit; however* we do not know how much. We have still not 
measured t|tp amount of current In our circuit. 

It Is frequently Important to determine the amount of current 
, In a given piece 0 f equipment to know (f tt Is properly func- 
tioning and for troubleshooting* 

Measuring Is Counting 

To measure or quantify current* we must count electrons* Recall 
that current flow Is the movement of electrons through a circuit* 
Therefore* the electrons we count must be the ones pushed through 
the circuit by electrical force* Electrons In a disconnected 
wire cannot be counted as current* In other words* the only 
electrons we want to count are the ones that contribute to 
the current flow* not the ones moving at random* Therefore* 1") 
measure current* we must count the number of electrons moving 
In one direction through a cl rcui t * 

Counting Electrons - 

At all times* there is random drift of b? 1 lions and bi It Ions r -j 
free electrons within alt conductors In the circuit* When an 
outside force is applied* It causes a general directed movement 
of electrons In the direction the force Is pushing* This 
does not mean that alt the free electrons Instantaneously rush 
off In the direction they are being pushed* but that "heir 
movements wilt carry them along the circuit In that direction* 
In general* In a fraction of a second* a net average flow Is 
set up* 

Electrons That Do Uork 

The problem now is to find out the rate of electron movement 
around the circuit* Put the point of your pencil on a wire 
In your simple circuit* When the circuit Is turned on and the push 
begins* billions of electrons start moving past that location 
in one direction* This does not mean* however* that all 
electrons start moving In that direction; others stMl move at 
random* and may produce no detectable change *n the location of 
any charges. In counting current, we count the net number of 
electrons that move In one direction and do work* 

To do any work In the circuit* charges must move through tt* In 
order to have current In a wire* electrons must continuously move 
around the circuit* The only electron movement'; that cause 
work to be done are the movements that are not cancelled by some 
movant In the opposite direction* so It Is the dlf ference , 
or net effect of the movements that we must measure. 
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The Coulomb 

The number of electrons moving through the circuit ts astronomical; 
there are so many of them they are hard to count* To make the 
counting easier* we count by groups Instead of by 'ingle electrons* 
Suppoi we could put electrons In containers like we do jelly 
beans* We could then count the number of full containers Instead 
of the Individual beans* In electricity, we refer to each container 
group as a coulomb (note that both container and coulomb have a 
"c"h 

Each coulomb consists of approximately 5«250, 0^0, 000, 000, 000, 000 
electrons* Therefore, when about 6,250,000,000,000,000,000 elec- 
trons pass a point on the wire, one coulomb passes that point* 
If twice that many electrons go past a point, two coulombs have 
passed* c 



Suppose about M 6,250,000, 000,000,000,000 x 3 M 
electrons pass a point* How many coulombs pass? 



Answer: 3 coulombs 



Measurement and Time 

Current flow, like the flow of water, must be measured with 
respect to time* A river flowing at the rate of 1,000 gallons 
per day Is not carrying much water; a river which carries 1,000' 
gallons per minute Is obviously carrying much more water* In 
the same way, a circuit conducting 10,000,000,000 electrons around 
't eac h hour has much less current flow than one which carries 
10,000,000,000 electrons past * location each second * 

T he simple circuit you built conducts about 1,000,000,000,000,000,000 

electrons (approximately 15/100 of one coulomb) per second* To 

help make this clear, If you place your pencil on some part of 

the simple circuit, when the switch Is closed about 

\000, 000, 000, 000, 000, 000 electrons will go past your pencil 

point i > the time It takes to snap your flngersl So not only 

must we know how ?,any coulombs go past the point, we must know 

how fast they go past a certain location* When we talk of 

how many, we talk of coulombs* When we talk of how many coulombs 

per second , m talk of amperes* 



The Ampere 

An ampere Is an electron movement of one coulomb (about 
6,250,000,000,000,000,000 electrons) per second past a certain 
location In a circuit* In other words, If one coulomb, or group 
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of electrons passes a point In a circuit In one second, one ampere 
of current Is flowing. T wo coulombs flowing through a wire In 
one fecond, then* would be two amperes. 



How many amperes are flowing If one coulomb moves past 
a point In f^lf a second? 



Answer: 2 amperes 



0 

Standard Abbreviations 

There are several ways to make writing and talking about current 
flow easier* One way Is to use standard abbreviations for the 
things we worJ^JstLltU- for example, the letter n I tt Is used 
to represent current flow* Current flow « I* If 
you want to write M the current flow In that circuit Is three 
amperes/ 1 you may use * l 1 * 3 amperes" and say the same thing. 
Another abbreviation >s the letter "A" (either upper or lower 
case) which stands for amperes* This allows you write the 
same statement even more briefly as H I » 3a*" These symbols 
simplify writing and are used In almost every country that uses 
our alphabet* 



Using standard symbols, write M the current flow Is 
equal to two amperes*" 



Answer: I * 2a 



T he relationship between current, charge and time can be stated 
mathematically as 1 * 5> where represents current In amperes. 
Is charge In coulombi and T^ Is time In seconds* 

One convenient way of dealing with very large (or very small) 
numbers such as the number of electrons In a coulomb of charge 
Is to employ powers of ten* This system^ Is based on the Idea 
that by moving the decimal point one place to the right or left 
we change a number's value by a factor of ten* For example, If 
we start with a number such 1235* and move the decimal point one 
place to the left (l23*5h wl have effectively divided the 
orlg'nal number by ten, 'f* on the other hand* the decimal were 
moMod to the rlaht (12350,/, we have effectively multiplied by ten* 



Powers of Ten and ScientI flc Notation 

Let's see how we use, this "powers of ten 11 Idea to count eLctrons* 
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Look at the number one million (1,000,000), Although not shown, 
you know there Is a decimal point after the sixth 2ero 0,000,000,), 
and that we can add 2eroes to the right of the decimal without 
changing the value, like this (1,000,000,00), You also know that 
one hundred thousand times ten equals one million (100,000 x 10 * 
1,000,000), Then ten thousand times ten times ten equals one 
million (10,000 h 10 x I0 2 » 1,000,000) and ten times ten equals 
ten squared (10 x 10 « 10 ), soften thousand tfmes ten squarej 
equals one mill ton : (l0, 000 x 10 = 1,000,000), This argument can 
be carried to the potrrt that one times ten tfmes ten times 
ten times ten times ten equals one million (I x 10 x 10 x 10 x 
10 x 10 x 10 - 1,000,000), In each step we have moved the^decfmal 
point to the left one »lace. We could easily write 3 x 10 » 
3,00'J,000 or 3,*5 x 10° » 3,450^000, When we are wo.'klgg with 
nurrtbe/s like 6,250,000,000,000,000,000, then 6,25 x 10 e^ctrons 
make one coulomb, It seems well worth the little trouble fc 
takes to learn this system. 

The following chart may help you to use powers of ten, it shows 
our decimal number system and the power to ten which corresponds 
to each place. Study ttl 

tn 




Write 5,000,000 as a nower of ter using ten to thi* 
sixth power, 



Answer: 5 x 10 
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You can use this method to express very small numbers also. 
In this case, you must move the decimal point to the right and 
use a negative power of ten* One one-thousandth (,001} becomes 
one times ten to the minus third (1 x 10 }* 



Write (.0000028) as a number times ten to negative 
sixth power, " 



Answer: 2*8 x 10** 



Scientific Notation makes use of powers of ten to write numbers 
In a standard way. In scientific notation, the decimal point 
Is always placed behind the first digit of a number and the appro- 
priate power of ten Is used* For exampjg, the number of elec- ^ 
trons tn a coulomb ts written 6*25 x 10 rather than 62*5 x 10 
or *625 x \Q y * 



Mllil- and Micro-amperes 

A useful way of working with current (and other) measurements 
when the values are fractions of an ampere Is to use the metric 
prefixes m i T I I- and micro- * Mtltt- means thousandths ( *0C1) , 
and mtcro^ means mtlltonths {,000001)* You can see this fits 
rlg^t in with the powers of ten {mtlli => 10"* and micro = 
10 }» One mi 11 (ampere ts, therefore, equal to one one- 
thousandth of an ampere or 10 i amperes. 

Writing these in the short way; the small letter "m" is used for 
;a* jit- and the Greek letter mu "y" Is used for micro -. To write 
M the current flow Is 30 microampe' as," you could write either 
"t - 30 x 10~ b a n or "I - 30 ya*" If the current were k milli- 
amperes, you could write *' - *.ia* or M l « k x 10 a*" 



Express : 

a* 0.006 a In ma _ 
b* 0.00005 a in na 
c f 0*002 ma In pa 



Answer: a* 6 ma 
b* 50 ya 
c, 2 ya 



AT THIS POINT, YOU HAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF 
THE OTHEk RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL OF T HE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY* 
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PROGRAMMED INSTRUCTION 

LESSON IV 

Measurement of Current 

TcST FRAMES ARE 12, 21, kl t and 53, AS BEFORE, GO FIRST TO TEST 
FRAME 12 AND SEE IF YOU rAN ANSWER ALL THE QUESTIONS THERE* FOL- 
LOW THE DIRECTIONS GIVEN ftFTEft THE TEST FRAME, 

t. Current vz* described as the: 

a. directed drift protons* 

, b, random drift of neutrons* 

c* directed drift of electrons* 

d* random drift of electrons* 



(c) directed drift of electrons 



2. Current Hew results from the directed movement of harges 
caused by the application of a: 



force Inside the atom* 
b.\ force external to the atom* 



(b) force external to the atom 



3. The amount of external ?orce Is one factor which determines 
the amount of current flow*. If the force being applied Is 
Increased, there wilt be a corresponding increase In current, 

What wilt hippen If the amount of force Is decreased/ 

a* Current will remain the same* 
i b* Current wfll decrease* 
c* Current will Increase* 



(b* Current will decrease" 
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*u Which circuit wi II have the greatest current flow? (Assume 
that the cells ar* all the same kind and ttat the lamps arc 
identical ♦ ) 



5* Which of the fol lowing wi 11 have less current flow? 
(Assume that the eel s are of the same type*) 

a, a circuit with six cells supplying the outside force* 

b, A circuit with three cells supplying the outside force* 



jb] a circuit jwith three cells supplying the outside force 

6, Since the directed drift of electrons constitutes current flow, 
you- can infer tfiat the amount of cu/rent can be determined by 

counting the number of moving past a location each 

second ♦ 



(Electrons; 



7* This counting of directed electrons is a method of current 
measurement* 

Current measurement Is .always used to determine the: 

a. amount of electrons in a wire* 

b* amount of current flow, 

c, amount of outside force being applied. 



(b) amount of current flow" 
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8* When measuring current flow, time (t) must aiso be taken Into 
confide ration* 

Which would be the highest current flow? 

a* 36 electrons passing po r hour. 

; b. 60 electrons passing per minute* 

c. 10 electrons passing per second. 

(c) 10 electrons passjng per second 



9* Since electrons are moving throughout the circuit, electrons can 
only be measured as they pass a given in the conductor. 



Ipolnt or location! 



10* When measuring current, both the number of electrons passing a 
given location and * must be considered. 



Ulme) 



11. Which correctly describes current measurement? 

determining the number of electrons passing 3 given 
location in a conductor within a specified time 
counting the total number of electrons moving throughout 
a circuit 

measuring the number of electrons between two or more 
points In 0 .conductor 

determining the magnitude of the random drift 



(a J determining the number of electrons passing a given 
location In a conductor within a specified time 



a. 
b. 
c. 



8* 9j 
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12, Check each true statement* 

Current flow tn a disconnected win* cannot be measured. 

Measurement of current Is a measure of the number of 
electrons In a wire. 

Measurement of current Is a measure of the number of 

electrons passing s given point per unit time. 



(THIS IS A TEST FRAME* COMPARE YOUJ^ ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE-) 




\ 

\ 
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ANSWERS - TEST FRAME 12 * 

a - current flow tn a disconnected wire cannot be. 
measured 

c -> measurement of current ts a measure 

number of electrons passing a given polnV^pef 
untt ttmei 



cannot oe. 
of Ithe 



IF ALL YOUR ANSWERS HATCH THE CQRRECT ANSWERS, YOU HAY GO 
ON TOTEiT FRAME 22. ClnERWISE, GO BACK TO FRAME I AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 
AGALSL- t 



13 f Because ( 6f the astronomical number of electrons mowing tn a 
wire, electrons are best counted In targe groups, such as 
cojilombs. A coulomb Is the untt ^measurement for electrical 
cha^e and contains about 6, 250, 0(§?W0, 000, 000, 00O electron* 

If this number Is multiplied by how marly coulombs would 
this be? ^ 



HE 



•4- 



J 1 * ■ " 

l4# The symbol for charge Is "Q*" We have seen one untt of charge 
\% the coulomb. ' 

How many coulombs are there In the following problems? 

' • ; / - \ > 

a. 6,250,000,000,000,000,000 electrons 

■ , ^ JLk 

b. 6,250,000,000,000,000,000 electrons t 

-x 5 



A ■ -x 5 ^ ' 

c. 6 ,2507000,000 ,000 ,0QQ ,000 elections 
x 7 



(a. 3 coulombs; b. 5 coulofnbs; c<r 7 coulombs? 
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'IS. The amount of current flow In a circuit Is determined by , 
dividing the amount of charge CO) by the amount of tlme(t) 
required for these charges tp pass a given point* 

^ Which formula would be used to determine current flow? 

a* Q - — 
current 

> 1 b* current "4 - * ' 

p / h * - - , 

, . current 

^ — c * t ^ — 

*d, current ■ ^ 



(df^rrent - f 



(6, The unit of measurement for current flew Is the ampere (abbreviated 
arog j*r g)* The ampere Is defined as one coulomb of charge 
^--ptfsslng a given poln* In one second* 

Two coulombs passing a given point In k seconds ts how many 
amoves of current? ' r 



> amg^re: 

Z_ a. 



' a> 8 amps 

b* 0*5 amps 

z c* 2 amps 

' d* k amps 



Kb) 0,5 amps 



17* Using the mathematical formula, 1 - ^» determine how many 

units of current flow there would be If 3 coulombs pass a 
>Jven point tn one second* 

a* 1/3 ampere 

b* 3 amperes fr 

c* 9 amperes 

W 3 amperes I NOTE: your answer Is Incomplete if you do not 
Include, the unit I amperes]) 
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18. Determine the current flow in each of the following problems, 

a* ft » 10 coulombs 

t m 5 seconds 

b, ft * 12 coulombs 

t * 3 seconds 

c, ft = Hi coulombs 

t = 7 seconds 

d, ft *= 20 coulombs 

t » 1*0 seconds 



(a, 2 amps,; b, k amps,; c, 2 amps,; d. »5 amps 



13. "I'Ms the letter symbol for the movement of coulombs, therefore 
I * Q/t, Which of the following is represented by 1? 



a, coulomb 

b, ampere 

c, current 



lc) current 



20. Match' the letter symbol to its appropriate electrical terms 

1, charge a, a 

2, ampere b, I 

3* current c, ft 

amp 



(1, c-ft; 2, a-a; 3^ b-l; a-aj 
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2k Hatch the statements to their equivalent mathematical expression. 

1* 1 = 6 a a. The current flow is 6 amperes* 

2, t = 5 a b* Four amps of current are 

3* I = J* a flowing* 

c. Current flow in the circuit 
is 5 amperes* 



(l* a-the current flew is 6 amperes; 2, ccurrent flow in the cir- 
cuit is 5 amperes; 3* b^four amps of current are flowing) 



22* Convert the following statements to their equivalent 
mathematical expressions* 

a. The current flow ts equal to 10 amperes* 

b* Eight amperes of current are flowing* 

c. The current is 3 amps* 

d» The current (in any unit) is charge per unit time* 



(THIS IS A TEST FRAME* COMPARE' YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE*) 
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ANSWERS - TEST FRAME 22 

a. I » 10a 

b, t - 8a 

c. I " 3a 

d, t - Q/t 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 
TO TEST FRAME ^2. OTHERWISE, GO BACK TO FRAME 13 AND T AKE 
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 22 AGAIN, 



23* When solving mathematical expressions, It can be very cum* 

bersome to manipulate figures such as 6,250,000,000,000,000,000. 
For thlr and other reasons, a simplified, abbreviated method 
called scientific notation Is used. 

Scientific notation Is: 

a. a method of simplifying very large numbers. 
b* a form of abbreviation. 

c. used to make mathematical computations easier. 
d. (all of the above) 



(d) all of the above 



2k, Below are two examples of numbers converted to scientific 
notation: 9 

100 - 1 x 10 

2000 - 2 x 10 3 

The number written above and to the right of the number 10 
Is called an exponent. 

Which numbers below have Indicated exponents? 

a. 10* 

b. 10 5 

c. 10 x 10 

d. 5 x 10 3 



ta. IP*; d. 5 x 10 3 ) 



" . 9!) 
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25. In the expression 10 » th^ exponent Indicates that 10 ts to 
be multiplied by Itself. 

10 means that: 

a, 10 is used as a factor k times* 
b» foyr tens must be multiplied together* 
c» 10l ts equal to 10,000* 
d* 10 Is equal to 1,000* 



(a* 10 must be multiplied by Itself h times; bl four tens must 
be multiplied together; c, 10 is equal to 10,000) 

26, A number which has an exponent Is said to be raised to a power* 
WKtch numbers below are to be raised to a power? 



a. 


100 10 


b. 




> 

c. 


10 x 5 


d. 


,0 5 



(a) I00 10 ; b» 10^ 



27* The number below and to the left of the exponent ts called a c 
; base number* 

tn the expression 10^, which ts the base number? 



TToT 



28. The system of scientific notation using powers of ten is 
possible' because of our decimal or base 10 numbering system. 

Our base 10 numbering system makes possible a system of 
scientific notation utilizing . 



(Powers of ten) 
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29* Because of- pur base 10 numbering system* we can express any 
number as a'number times some power of ten without changing 
the-numerlcal value* S 

128*2 = 12*82 x 10 1 » 1,282 x 10 2 = 0*1282 x 10 3 

Each time the decimal point Is moved one place to the left* 

It's the same as the original number 

^ mul t I plying/dJ vidt ng 

by * This Is Indicated by Increasing the 

exponent by 1 each time* * ^ 




30* Indicate the proper exponent* 
3000 « 30 x 10 » .3 x 10 



30 x 1<T, 0'.3 x 10 



31. Scientific notation provides a convenient way of dealing with 
very large or very/ small numbers. Any number may be written 
In scientific notation by expressing ft as a number equal to 
or larger than one but less than ten; this number multiplied 
b> ten with the appropriate exponent. 

Which ere examples -of numbers expressed In scientific notation? 

a. 6,250,000,000,000,000,000 

2 r 

b. 1.54 x 10 

c. 10 x 10 2 



d. 25 x 10 

e. 8 x lO** 



{b. 1.54 x 10 2 ; e. 8 x.lO*) 
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32. To convert a number greater than one to scientific notation, 
the first step U .to locate the decimal point* 

Example: start wtth 256; pUce a decimal to the right of 
the 6, tnamely 256* 

Gfven: 5324 - where wilt you place the decimal? 

* " * ■ 



J- 

33. The second step ts to move the decimal point to the LEFT 
until the only digit to the LEFT of the decimal (s a number 
equal to or greater than one but less than ten. 

Example: 256 - Step One 256* Step Two 2*56 

Given: 4732 - Step one Step Two 



"(4732, 4.732J 



34. The third step is to count the number of pjaces the decimal 
point was moved to the LEFT* This will be the correct 
POSITIVE exponent for scientific notation of numbers equal 
, to cr greater than on$* 



Example:' 256 - Step One: 256* Step Iwd: 2*56 
Step Three: 2*56 x 10 

Given: 537 1 * - Step One: , Step Two: 

Step Three: 



(537^ 5*37** 5*37** x 10 3 ) 



35* If the number you are converting to scientific notation already 
has a decimal le*g*» 146*5), omit step one and proceed* 

Example: " 146*5 Step One: (skip) Step^Two: L465 
Step Three: 1,465 x 10 

Given: 39-4 Convert to scientific notation 



(3.94 x to')" 
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36. Recall' that a coulomb equals about 6,250,000,000,000,000,000 
electrons. 

Place a check In front 4 of*the answer wnlch correctly "expresses 
a coulomb in.sclentt flc notation* 

V !8 ' - 
^ a, 62.5 x 10 electrons , * 

24 

b. 6*25 x 10 electrons ^ 

* 24 

c, ,625 x 10 electrons 

18 

d. 6.25 x 10 electrons" 



T5 

(d) 6.25 x 10 >o electrons 



37- Express the following numbers In scientific notation. 

a. 27*5 

a b* 263 

^ c. 24,5 

d, 5,000 



( a. 2,745~x 10 3 ; b. 2,63 x 10 2 ; c, 2,45 x IP 1 ; d, 5 x 10 3 ) 



38. To convert numbers less than one to scientific notation, 
move the decimal point to the RIGHT until there is just one 
digit to the LEFT of the decimal point. Count the number of 
places the decimal point was moved. This will be the, correct 
NEGATIVE exponent for scientific notation for numbers less 
than one, # 



Example: ,00492 - 4.92 x 10 
Given: .0005 ■ 



-3 



r~ 
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39 = Convert the following numbers ; 0 scientific notation. 

.157 

.0054 

.000032 



0. 57 x 10"' 5-4 x lo" 3 3.2 x 10" 5 ) 

^ i a 

kQ, Okay, let's run through ft again! 

To convert decimal fractions to scientific notations * 

1, Hove decimal* point to the RIGHT until there Is a single 
dtgtt nuirfcer frcjn 1 to 9 to the LEtTT of the decimal point** 

Example: ,017 - Move the decimal to RIGHT - 1,7 

2, Count the number of places the decimal was moved to the RIGHT*. 

Example: *0l7 - Step One; 1*7 Step Two; moved 2_ places 

♦ 

3* This Is the correct NEGATIVE power of ten* 

* * 

Example: .0)7 - Step One: .1.7 Step Two: moved 2_ places 
Step Three: 1.7 x 10 

Express the following In powers of ten: 

a. .000014 - ; 

b. .143- 

c. .027 - . 



(a. 1.4 x i0~ 5 ; b. 1.43 x 10; c. 2.7 x lp" z ) 

< 
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111. To convert any number from scientific notation, simply move 
the decimal point fn the appropriate direction the number of 
places indicated by the power of 10* 

Por^exartple: 6*75 x 10^* 67,500 (decimal moves I* places right) 
♦ " 6*32 x 10 ** m ,0Q632 (decimal moves 3 places left) 



Convert ^from scientific notation* 

4 



a. 6.75 x 10 

b. ' 3.28 x 10 J 

c. 4.71 x, 10* 

d. 6/28 x 10- 



r 



■i 



(a. ,.000675;'b. 328; c. .471; d. 6,280r 



42. Convert 'the following number's as Indicated. 

Tj Scientific Notation To Decimal Numbers 

a. 120 

b. 0.0125 * 

c. 13*1,000 



d: 


I0" 1 


e. 


10 5 






f. 





(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)- 
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t 

ANSWERS - TEST FRAME 42 * 



v V 



\ 



a.' 


1.2,x,l0 2 


b. 


1.25 x l(f 2 


c, 


1.38 x 10 5 ** 


d. 


•' .../" ■ 


e. 


100,000 


f. , 


* * 

10,000. 



IF ALL YOUR ANSWERS HATCH THE CORRECT* ANSWERS » YOU HAY 60 ON TO 
FRAHE 53: OTHERWISE, GO BACK TO FRAME*? 23 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 42 AGAIN, ✓ 



43. Another useful system of abbreviations Is the use of metric 
prefixes* Below Is a table vrfitch lists two prefixes commonfy 
used In measurement. The table also shows abbreviation*," 
expression In powers of te* and values* 

Con^plete and refer to this' table In answering frames 48 to 51- 



PREFIX . - 
mill! 


ABBREVIATION 

m 


POWER OF' TEN 

V 


* \{ALUE . > 
' { ' ■ \ 


micro 


* 


ID" 6 


mtlltonths 
or 1/1,000,000 




(thousandths 


on 1/1000) * 
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44. Which of the following Is equal to a mil lamp? 

a* '000 amps . . 

b. 1/10Q0 amp " ^ 

3 

i c. 1 x 10 amps 
d. 1 x 10 * amps 



(b. 1/1000 ampi'd. 1 x 10" 3 ampsj , 

: ~ " w 

45* Write one mtcroamp as a fraction and in scientific notation. 



(1/1,000,000 anp 1 x 10* 6 amp) 



46. Match* 

1 . 1 x 10* 6 

2, * 1/1000 amp • a, mill lamp 

3* 1/1,000,000 amp b* microamp 

4. 1 x 10 amp H 



(K b-microarop; 2» a-mllllamp; 3* b-mlcroamp; 4r~a-m! 1 1 lamp) 

r 

47. Recall that ampere Is abbreviated a. 

Hew would mllllamp be abbreviated? 



4= 



(ma) 



3 



u»lQ7 



P.I. Cne-IV 
48* Change the following to ma, 

a* I ■ 6 x 10 amps ma 

b- i - 3,5 xltf 3 amps ma 

c, J » *0k2 amps ma 



(a* 1 ■ 6ma; b* t ■ 3.5ma; c* t » *»2ma) . 


49* The Greek -r u (mu) is used to indicate the prefix 




micro-* 




How would mlcroamp be abbreviated? 

~ - - ^ - 




(pa or yA) 



50* Conversions can be handled easily by using powers of ten* 
For example: tt ts desired to change ,023 ma to Ma, 

First: Write .023 ma as a power of 10 - ,023 x 10 a 

Second: Move the decimal point to the right 3 places ✓ 
to Increase the power of 10 to 10~ * 23 x t0~ 

Third: Write the number using the u prefix = 23 ua 
Another example; ♦ la to ma (t) ♦ 1 x 10° (2) 100 x to" 3 (3) 100 ma 
Make the following conversions 



a, ,006a ■ : ; ma 

b, '200^3 » ma 

c* ,062ma ■ a 

d, 2km ■ pa 



(a, 6ma; »2ma; c, * 000062a; d, 2Jt,000Ua (2*1 x 10\a) 

51* Express as Indicated* 

a, ,006a ■ ma 

b, ,00005a ■ ya 

c* ,002ma « t*a 



la, 6ma; b» 50ua; c» 2\ ;) 
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52. Convert the following expressions as indicated* writing your 
answers as decimals* 

TO AMPS , TO MILL (AMPS * 



a* 100 mtlltamps d» 0*1 amps 

b* iOOO mtlltamps t e, 1/1,000 amps 

c» 10 mtlltamps f* 0.01 amps^ 



(a r »>a; b * la; c - 0»0la^ d - lOOma; e - Ima; f - lOma) 

53* Using scientific notation 

Convert to a. Convert to ua» 

a. lOma e. .005a 

b. 5ma f . .010a 

c. i»ua g. .000002a 

<J. 30Ua h. .000020a 



(this is a test frame, compare your answers with the correct 
answers given at the top of the next page.), 
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ANSWERS 




TEST FRAME 


a. 


t 


x 10 a or 


b. 


5 


x 10~?a 


c* 




x 10 -6 a 


<J. 


3 


x )0 -5 a 


e. 


5 


x l(rva 


f. 


1 


h 

x 10 va or 


9- 


2 


x I0°va 



h. 2 x 10)ia or 2 x 10*va 



'IF ANY OF YOUR ANSWERS IS INCORRECT , GO SACK TO FRAME *»3 
AND TAKE THE PROGRAMHEO SEQUENCE. 

IF YOUR ANSWERS \RE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, 
GO ON TO THE NEXT LESSON. IF MOT, STUDY ANY METHOO OF INSTRUC- 
TION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



Ho 



Summery 



SUMMARY 
LESSON IV 

Measurement of Current 

All measurement fs some form of counting or quantifying, and measuring 
current flow Is no exception* Since current flow Is the movement of 
electrons, we count the number of free electrons (directed movement) 
passing through the circuit per unit time to measure current. 

Because the amount of charge carried by one electron Is minutely 
smell, an extremely large number of electrons must move around the 
circuit to do a significant amount of work* To. simplify the counting, 
a larger unit of charge cal led the coulomb Is used* One coulomb 

has about 6*25 x to 18 electrons In Ii* Think of Iti 10 t8 Is e million, 
ml I Hon, ml 1 1 ton) 

The other factor to be considered In measuring current flow was seen to 
be time* The more electrons moving through a wire In one second, the 
greater Is the current flow* 

The basic unit. of current flow Is the ampere* One ampere of current 

flows when one coulomb of charge (6*25 x 10 electrons) passes any 
position In 'the circuit In each second* 

To simplify writing and talking about current flow, several shortcuts 
are used* One Is to abbreviate ampere by the letter A (either capital 
or small) In writing* in speaking, an ampere will usually be called 
an amp * Another abbreviation used Is the letter "1" which stands 
for current flow* To write "the current flow is three amperes" using 
this system, you would wrlteV'l • 3a"; In speaking, you would say 
11 1 (or the current) equals thr^e amps* 11 

The relationship between current, time, and charge can be given 

mathematically as I «• ^ where X Is th * current In amps, £ Is the 
time In seconds, and 0, Is the charge in coulombs* 

The last shortcut to simplify working with current Is the use of 
the metric prefixes mil II- and micro- * One mtlllampere Is one one* 
thousandth of an ampere and one microampere Is one one~ml 1 1 lonth of 
an ampere* These are ebbrevlated by the small letter "m" for ml 1 1 1 
("me" means mllllampere) and the Greek letter mu V 1 for micro 
( u ua u for microamperes)* 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUOY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH* 
IF YOU TAKE THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT -LESSON* IF NOT, STUOY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY* 
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OVERVIEW 
LESSON V 
The Ammeter 

In this lesson you will study and learrr about the following: 

{ ^ -why the ammeter 

-how an ammeter works 

-meter tolerances 

-the practical use of the ammeter 

Each, of the above topics will be discussed in the order listed. 
As you proceed through this lesson, observe and follow directions 
carefully. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. * 
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LIST OP STUDY RESOURCES 



' LESSON V 



The Ammeter 



To learn the material In this lesson, you have the option of choosing 
according to your experience and your preferences, any or all of the 
fot lowing; 

STUDY BOOKLET: 



Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93^00A-la "Basic Electricity, Otrect Current-" 

Fundamentals of Electronics , Bureau of Naval Personnel* 
Washington* 0*C*: U.S. Government Printing Office, 1965.- 

M 

AUDIO-VISUAL: 

Soun^/slide presentation, "the Ammeter." 

YOU. KAY MOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS 
LESSON, YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERING 
ALL THE LESSONS IH THIS BOOKLET. YOU MAY REVIEW PREVIOUS LESSONS 
IF YOU WISH. 
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LESSON V 



The Ammeter 



Why the Annate r 



We cannot see c*r feel either electrons or coulotftbs to count them* 
so we, need some device to detect them for us* The lamp we used 
In lesson IV gives some Indication of current flow, but It has 
two major drawbacks: 



1* It does not measure t current In any units which 
can J),e easily recorded and compared to measure' 
ments made at other times or places, 

2* It Is useful over a very small range of current 
flow only. If the current Is too small * the lamp 
will not glow; If the current Is too large* the 
lpmp wl 1 1 burn out. 



To overcome the first objection* we ne&d a device that can' tell 
us how many amperes (poulombs of electrons per second) are moving 
through the circuit, A special meter designed to do this Is 
called an a mmeter . The name Is derived from the ampere* 
but notice that the 'V* ' s dropped^and only the first two letters 
of ampere are used In spelling ammeter . The design of the ammeter 
takes care of the second drawback also* making it a useful 
measuring toot for you. 



How an Ammeter Works 

lAn ammeter indicates the amount of current flowing through It by 
the position of a pointer In front of * calibrated dial face. The 
movement of the pointer Is proportional to the rate of electron 
* movement through the meter* that Is* how much charge moves through 
It each second. 




9 
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Narrative 

The schematic symbol for an ammeters: 



How' To Use An Ammeter 



One-V 




The ammeter Is In many ways similar to the water meter which 
measures how much water Is used In your house* Both meters must 
be connected so that the currents (water or electfrlc) you wam 
to measure flow through them. All the water going Into your 
home from the water ruain goes through the water meter like this: 

water ^ 
meter house 

|5oL_ 



feeder Hue 



}- 



In the same way, an ammeter must be connected so that all the 
electric current to be measured goes through the ammeter like tMs 



r 



This kind of connection Is called a series circuit, which 
simply means that everything Is connected In a straight- 1 Ine 
(one conducting path). The cell you added In Lesson IV was 
tn series with the rest of the circuit components. 



Hooking Up An Ammeter 

To- connect the ammeter In series,, you must first de-energize 
(take away the outside force from) the circuit. The second step 
Is to open (cut or break) the circuit where you are going to 
Insert the ammeter* 

Now connect the positive (+) terminal of the ammeter to the 
wire which leads toward the positive terminal of the cell, and 
the negative (-) ammeter terminal to the wire which leads 
toward the negative connector of the cell. The process of 
connecting positive to positive and negative to negative Is 
called observing polarity , and It Is necessary because the meter 
will read current In one direction only* Connecting the metef 
backward will make It try to read In reverse and may bend or 
break the pointer. 
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The red mater lead should be Inserted In the red ammeter jack 
and the black lead in the black aaneter jack on top of the 



V 



Heter Tolerances . ^ 

With respect to meter readings, It should be noted that msurfe^* 
mnts of the sane circuit taken by several different meters could 
vary slightly. This, Is because some of the circuit energy is used 
to operate the meter and no two meters are exactly alike. Also, 
because of differences tn construction and energy losses within 
the meter, readings must be thought of as approximate, got exact, 
readings. Normally, a meter will be accurate within a -54 
tolerance range, of the exact measurement. 

Experiment §\ * Using an Ammeter 



Now using the procedures* and safety precautions listed below, 
you will measure the current flow through the circuit con- 
structed In Lesson IV: f 



r 



<DS1 



1* Draw a simple ammeter^from the Resource Center* 

(Note: Care must be taken in the selection of the meter* The 
current flowing tn the circuit must not exceed the range of 
the meter used. Fof this experiment you can assume that the 
meter provided has a high enough range to handle the circuit 
current. However, In following experiments you will be required 
to determine this for yourself*) 

2. Attach the alligator clips to the meter test leads 
(red to red, black to black). 

3. Ensure your circuit is do -enerqized. The, switch should 
be in the open position. US A WTTER Of PERSONAL SAFETY 
NEVER ATTEMPT TO CONNECT A METER IN AN ENERGIZED CIRCUIT . ) 

H. Open the circuit by removing the wire between Tl and T2 
(the ammeter will be inserted between these points to 
complete the circuit). 

5* Attach the meter leads to Tl and T2 observing polarity 
(black lead to Tl, red lead to T2). 
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, * + 

If proper polarity fs not observed the needle will attempt to 
* deflect to the left* This will result In damage to the meter* 

t 

The circuit should now look'ltke this: 



t 



6* Close the switch and observe the meter reading* Look 
directly at the mater face from the front; do not make 
the reading when looking at the meter from an angle* 

7* Record the reading* 



8, De~energtze the circuit* 



DS1 



Your reading should be approximately 0*2*» amps* Recall what we 
said about meter tolerances* 



1* How disconnect the second cell by unhooking the wire from 
that cell to T8» and the wire from the + terminal of cell 
one to the - terminal of cell two* 

2, Reconnect cell one as the only source for the circuit by 
connecting wire from positive terminal to T8* (Wire from 
negative terminal should still be connected to TK) 

r \S, Connect probes of ammeter at Tl and T2, observing correct 
polarity* 

4. Close switch and record meter reading* ^ 

5* Open switch* 

6. Disconnect meter clips* 



.You should have recorded approximately 0*16 amps*<\ 

Recall that the ammeter must be connected *n the circuit so that 
It becomes a part of the circuit an<* completes the path for 
current flow, In a simple circuit where a!l components are in 
series one right after the other, the ammeter reading will be 
the same at any place In the circuit* To prove this* let's dis- 
connect the lamp from T7 and connect the ammeter tetween T7 atwf-^. 
the lead you just removed* 



III 



118 



Narrative 



One-V 



1. Connect a wire between points Tt and T2. 

2. With switch In open position, connect red meter clip to & 
T7 and black meter clip to the side of the tamp closest to 
T7 to observe polarity. 



3. Close the switch. 

4. „Record the ammeter reading. 

Again you should have an approximate reading of 0.16 amps — 
the same reading you got at another point .n the series circuit. 



NOW YOU MAY EITHER TAKE THE PROGRESS CHECK OR YOU MAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK ANO % 
ANSWER ALL THE QUESTIONS CpRRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAK£ THE MODULE TEST. SEE YOUR INSTRUCTOR. 



IF YOU OECIDE NOT TO TAKE THE PROGRESS CHHCK AT THIS TIME, OR IF YOU 
..HISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK ANSWERS CORRECTLY. 
THSN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST. 




112 



p.t. 



One-V 



PROGRAMMED INSTRUCTION 
LESSON V 
The Ammeter 

TEST FRAMES ARE 13, 21, 27, and 28. AS BEFORE, GO FIRST TO TEST 
FRAME 13 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE . FOLLOW 
THE DIRECTIONS' GIVEN AFTER THE TEST FRAME. 1 



1. Recall that current flow In a wire ts the movement of sub- 
microscopic particles called: 

a* protons* 

b* neutrons* 

c* electrons* * 



(c). electrons 



2, Amperage or the amount of current is* partly determined by: 

a» counting the number of electrons passing a liven 
point* per second* 

b* measuring the velocity of electrons* 

i c* measuring the distance a coulomb travels In cne second. 



(a) counting the number of electrons passing a given po;nt per 
second * 



3* Since electrons cannot be seen, a special measuring device must 
be used to determine amperage* 

The name of a device used to measure current is an ammeter, or 
meter* 

a, voltage 

b* amperage 

1 c, resistance 



(bj amperage 
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k+ An ammeter fs used to measure 
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(current or amperage) 



5* The ammeter Indicates the amount of current flow by the position 
of a pointer tn front of the meter dial. 



Which lettered arrow Identifies the pointer?. 












® © 

+ - _ 





b 

K 



(c) pointer 



6. Refer to the Illustration In frame 5* The amount of current 
flowing Is . 



(approximately 2.3 amps) 

MOTE: No two meters are exactly alike and therefore their 

readings wIH differ slightly. In general , the equipment 

wjjj give a reading wtthtn a tolerance range. 



7* The position of the pointer Is determined by the amount of current 
flow through the meter: the greater the current, the farther the 
pointer wilt move, and the higher the meter will read. 

Select the current flow which wilt give the greatest movement 
of ths polriter. 

a. 3 amps 

i b. 2 amps z 

c: k amps 

d . 1 amp 



7cTJ 



amg s 



nil 
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8. Each meter has a maximum current that it can measure* This is 
Indicated by the highest number indicated cm its dial. 




The maximum safe current to pass through the above meter is; 

a* 8 amps 

b* 16 ma 

c. 16 rmj , 

i d. 16 amps 



(d) 16 amps 



9* Now repeat this question with a meter available to you from 
the resource center* 



The maximum limit of your meter is 



(1 amp) 



10* 




The maximum safe current for the meter tUustrated above is t ; 



a, 8 ua 

b. 8 ma 
c* 8 amps 
d* 5 amps 



(c)- 8 amps 
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IK The ammeter also contains terminals to'allcw ft to be placed 
fnto the circuit* The positive terminal Is colored red and 
the negative terminal Is black* 

Label the terminals according to their correct color* 




(a - red; b - black) 



12* Match: 



t* + a* negative terminal 

2, - b* positive terminal 

3* red 9 
black 



II, b-posftlve terminal; 2* a -negative terminal; 3* b-posltlV£ 
terminal; **» a-negatlve terminal) [ 



13* Libel the parts of the meter shown In the Illustration below* 




(THIS IS A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE, TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 13 

a. positive terminal 

b. pointer 

c. negative terminal 

d. meter dial 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 21. OTHERWISE, GO SACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. 
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H, |he leads, or wires, used with ammeters are usually the same color 

. as the terminals of the meter* 

Select the correct lead and terminal combinations, 

a, red lead, black terminal, positive 

b, red lead, red terminal, positive 

c» btacfc lead, black terminal, negative 

<L black lead, red terminal, negative 



lb- red lead, red terminal, positive; c- black lead, black 
terminal, negative) 

15* To simplify schematics, the ammeter Is shown as a circle 
with the letter "A" Inside It, 

Draw the schematic symbol for an ammeter. 




16, The ammeter must be connected In the circuit so the current 
-to be measured flows through the ammeter, and all the cir- 
cuit components. This Is known as a series connection. 



Select the Illustration showing the ammeter correctly con 4 - 




17* The polarity {+ to + and - to -) of the meter and circuit must be 
observed when connecting an armeter Into the circuit. 

Select the schematic which has the ammeter correctly Installed, 

T__@ — I b ~L@ — J 
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18. The ammeter must be connected In series with the circuit whose 
* current you are measuring. Remember - in series means In a tine. 
So here Is how the meter would be connected Into a circuit. 



T. 



As you can see, polarity was observed by connecting the 
lead to the negative terminal of the cell and the 



lead to a more positive point thus connecting the ammeter in 



(negative ~ positive - series) 



19. If the ammeter were Co be connected across any component 

of the circuit* If would probably be damaged by excessive current, 
ALWAYS CONNECT THE AMMETER IN . 



( series) 



20. Check the schematic which shows the ammeter correctly In* 
stal led. 





< 



(a; b_ is wrong because of polarity; c_ is wrong because of the 
ammeter connection. ) ~ 
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21. Which statements are correct concerning the ammeter? 

, „ a* measures current flow 

b. should be connected in parallel to part of the circuit 

c. has a schematic symbol like this: (v) 

d* Is not sensitive to the direction of current flow 

e* has a schematlcsymbol like this: (§) 

f* should be connected In series 



(THIS IS A TEST FRAME. COMPARE Y^UR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



r 
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ANSWERS - TEST FRAME 21 

a - measures current flow 

e * has a schematic symbol like this: 

f - should be connected In series 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS » YOU HAY GO ON TO 
TEST FRAME 27* OTHERWISE* GO BACK TO FRAME 14 ANO TAKE THE 
PROGRAMMED SEQUENCE < BEFORE TAKING TEST FRAME 21 AGAIN. 
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22. When Installing an ammeter In a circuit you must first de- 
energize, open the circuit. 

Which schematic shows a de-energized circuit? 



} 1 



} 



(cf dte-energlzed circuit 



23. A circuit is de-energJzed when: 

n a. no current can flow. 

b. little current flows. 

c. a switch Is clcsed. 



vaj no currant can ttou. 



If you have not alrcviy Jon« £xperlrr*nt #1 In the narrative* turn 
to page lit* of this ar** perform the experiment prior to 

proceeding. 



24. When taking current readies, take th^ foiiowtng steps: 

1. De-energize the equipment. 

2. Select the proper meter range for measuring the maximum amount 
of current expected In the circuit. 

3- Connect leads, placing meter In series with the circuit, 
ol serving 

4. When you are clear of equipment, energize equipment. 

5. Take reading. 

6. £>e-energlze equipment. 

7. Disconnect meter. 



!Po1arIty» and safety precautions for yourself and the mteterF 
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25* Complete the steps for correctly making DC current measure- 
ments; see frame 24, and think about each step* 

1 * equipment* 

2* Select for measuring the maximum amount of 

current expected In the circuit. 
3* Connect leads, placing meter in with the 

circuit, observing * 

4* When you are clear of equipment, equipment. 

5* Take * 

6* equipment* 

7- * 



{See frame 2*0 

26* Which column correctly lists the steps for correctly measur- 
ing current? 

A 

1* Energize equipment* 

, 2* Connect leads, placing meter In series* 

3* Select the proper meter *^ 

4* De-energize equipment* 

5* Take reading* 

6* De-energize equipment* 

7* Disconnect meter* 

JL 

1* De-energize equipment* 

2* Select the proper meter* 

3* Connect leads placing meter In series* 

4* Energize equipment* 

5* Take reading* 

6* De-energize equipment* 

7* Disconnect meter* 



TB De-energlze equipment 
Select the proper meter 
Connect leads placing meter in series 
Energize equipment 
Take reading 
De-energize equipment 
Disconnect meter) 

A-does NOT observe safety precautions 
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27. Write out the steps required to measure the current flow in a 
c i rcu i t * 

7* 



(this is a test frame, compare your answers with the correct 
answers given at the top of the next page.) 



'2* 13 1 
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.•y ANSWERS - TEST FRAME 27 
See^J Frame Ik 



X 



IF ALL'taufTANSWE^ HATCH THE CORRECT ANSWERS , YOU HAY GO ON TO TEST 
FRAME 28.' -OTHERWISE , GO BACK TO FRAME 22 ANO TAKE THE PROGRAMHED 
SEQUENCE BEFORE TAKING TEST FRAME 2? AGAIN. 

Zi^/h , : •__ 



28. With components contained tn your modular kit, build the s'lmptc 
circuits shown below, and take current readings. 



I 




1 

T^ 



J2- 




i 



?6 2l-~r~—2 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 28 

The current In Circuit B should be greater than that of 
circuit A. If not, check with you r Instructor. 



IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE VHE PROGRESS CHECK, OR 
YOU HAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE 
HASTE RED THE HATE RIAL AND ARE READY TO TAKE THE MODULE TEST. SEE 
YOUR INSTRUCTOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU HAVE ANSWEKED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. 
THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST. i 
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SUHHARY 



LESSOR V 



The Ammeter 



Because we can neither see nor feel electrons , we must determine cur- 
rent by Measuring some effect of the movement of charges. We could 
use the brightness of a tamp to do this, but the 1an*> Indicator has 
three major drawbacks; 

t * Me cannot easily record or compare readings, 

2. It Is useful over a very limited range of currents only* 

3* The lamp stakes too much of the electrons 1 energy 

away from^the work we want done In the circuit, thereby 

disturbing the circuit* 

A device called an awneter overcomes alt three difficulties and Is 
the normal method for measuring current flow* The ammeter Indicates 
the current flow through It by the position of a pointer In front of 
Its calibrated dial* The' schematic symbol for an araneter Is; 



An anroeter must be connected In series so that all the current 
to be measured flows through It* The schematic diagram for a 
circuit with an amneter connected Is; 



If you are satisfied with your understanding of the ammeter, read 
•Hooking Up an Ammeter" in the Narrative for this lesson, then 
perform the experiment "Using an Ammeter* 1 which follows It; If not, 
continue your study of Lesson V* 



NOW YOU MAY EITHER TAKE THE PROGRESS CHECK OR STUOY ANY OTHER OF THE 
RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK ANO ANSWER ALL 
QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY 
TO TAKE THE MODULE TEST* SEE YOUR INSTRUCTOR, 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR (F YOU 
MISSEO ONf "ft MORE QUESTIONS, STUDY ANY METHOO OF INSTRUCTION YOU WISH 
UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK ANSWERS CORRECTLY* THEN 
SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST, 




J 
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